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ABSTRACT 


The  cardiac  muscle  has  been  reported  to  be  a  poor  emulsifier. 

The  present  experiments  were  undertaken  in  an  attempt  to  evaluate  and 
improve  its  emulsifying  characteristics.  The  emulsifying  capacity  (EC) , 
the  maximum  amount  of  fat  that  can  be  emulsified  by  a  given  amount  of 
protein,  was  measured  by  an  increase  in  the  electrical  resistance  of 
an  emulsion  formed  during  mixing.  Preliminary  experiments  investigating 
this  technique  cast  doubt  on  its  reliability. 

The  EC  of  buttermilk  powder  and  Bovine  Serum  Albumin  (BSA) 
solutions,  skeletal  and  cardiac  muscle  slurries,  sarcoplasmic  and  myo¬ 
fibrillar  protein  solutions  was  measured  under  various  conditions  of 
concentration,  pH,  ionic  strength,  oil  addition  and  initial  volume  using 
three  mixers.  No  difference  was  found  in  EC  between  skeletal  and  cardiac 
muscles  measured  in  a  Waring  Blendor.  No  reproducible  results  could  be 
obtained  with  the  Lightnin  stirrer  because  of  lack  of  control  over  the 
speed  of  mixing.  Using  a  Stedi  Speed  stirrer,  the  EC  of  cardiac  muscle 
was  slightly  higher  than  that  of  skeletal  muscle  and  sarcoplasmic  proteins 
were  more  efficient  than  myofibrillar  proteins. 

The  conclusion  is  that  a  new  method  should  be  developed  to 
evaluate  the  emulsifying  properties  of  proteins  to  be  used  in  emulsion 
products . 
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INTRODUCTION 


Emulsifying  Capacity  in  Meat  Emulsion  Formulation 

The  production  of  a  meat  emulsion  involves  the  chopping  of  lean 
meat  with  salt,  other  seasonings  and  ice  to  extract  the  salt-soluble 
proteins.  Fat  is  then  added  and  chopped  into  small  globules  that  are 
surrounded  by  a  protein  membrane;  for  lack  of  more  definitive 
terminology  these  mixtures  are  called  emulsions.  It  has  long  been 
recognized  that  the  meats  used  in  these  mixtures  differ  in  their 
capacity  to  stabilize  emulsions,  that  is  to  bind  the  fat,  and  this 
variability  represents  one  of  the  major  problems  of  meat  emulsion 
product i on . 

In  the  past  decade,  a  great  deal  of  effort  has  been  expended  in 
the  attempt  to  better  understand  the  emulsification  process;  much  infor¬ 
mation  was  obtained  using  model  systems.  The  effects  of  processing 
variables  have  been  determined,  meats  have  been  ranked  according  to 
their  ability  to  stabilize  emulsions  and  numerical  binding  values  have 
been  assigned  to  them  which  are  used  in  linear  programming  of  meat 
emulsion  formulations.  With  the  introduction  of  new  protein  sources, 
it  was  thought  to  be  useful  to  be  able  to  quantitate  their  emulsifying 
properties  as  compared  to  meat  proteins.  The  most  currently  used  model 
system  measures  the  maximum  amount  of  fat  that  can  be  emulsified  by  a 
given  amount  of  a  particular  protein.  This  quantity  is  known  as 
emulsification  capacity. 
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Nature  of  Meat  Emulsions 


An  emuLiion  is  a  k eteAogenous  ■system,  consisting  o &  at 
least  one.  immiscible  Liquid  intimately  dispensed  in 
anotheA  in  the.  fiom  o  fj  dnoplets,  wkose  diametens ,  in 
genenal,  exceed  0,1  y.  Suck  systems  possess  a  minimal 
stability ,  uihick  may  be  accentuated  by  tuck  additives 
as  suA&ace- active  agents,  finally- divided  solids, 
etc. . 

This  is  the  definition  that  Becher  (1965)  gives  of  an  emulsion. 

There  has  been  controversy  over  the  past  several  years  as  to 
whether  or  not  sausage  meat  batters  should  be  considered  as  meat 
emulsions.  Because  of  its  complexity  such  a  system  is,  strictly 
speaking,  not  a  true  emulsion.  However,  since  fat  exists  as  dispersed 
small  droplets  enveloped  by  a  layer  of  protein,  the  system  constitutes 
essentially  an  oil-in-water  emulsion  and  the  term  meat  emulsion  is 
generally  accepted.  This  was  established  in  I960  by  Hansen  who  first 
published  photomicrographs  of  experimental  meat  mixtures;  he  showed 
that  the  salt-soluble  proteins  formed  an  appreciable  membrane  around 
the  fat  globules.  Other  workers  using  microscopy  found  that  highly 
comminuted  meat  products  were  similar  to  classical  oil-in-water 
emulsions  consisting  of  fat  droplets  surrounded  by  a  membrane  of  protein 
material  (Carpenter  and  Saffle  1964;  Helmer  and  Saffle  1963;  Meyer 
et  at.  1964;  Swift  et  al .  1961).  Electron  microscopy  revealed  that 
even  very  small  fat  globules  (0,1  y  in  diameter)  had  distinct  protein 
membranes  (Borchertet  al.  1967). 
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Model  Systems 

Use  of  model  systems 

Until  two  decades  ago,  manufacture  of  meat  emulsion  products  was 
mainly  an  empirical  science.  The  various  factors  affecting  the  forma¬ 
tion  and  stability  of  meat  emulsions  were  studied  under  practical 
conditions  using  p roduct i on- type  equipment.  The  disadvantages  in 
using  such  an  approach  are  numerous.  For  example,  it  is  very  difficult 
to  carry  out  reliable  full-scale  experiments  because  of  such  factors 
as  variation  in  raw  materials  and  difficulty  in  controlling  factors 
other  than  the  variable  being  tested  in  such  a  complex  system  as  a 
meat  emulsion.  Therefore,  the  phenomena  observed  are  very  difficult  to 
interpret  and  the  information  obtained  from  such  tests  is  of  limited 
application.  Furthermore,  such  experiments  are  time-consuming. 

As  a  result  of  the  above  mentioned  limitations,  model  systems 
had  to  be  used  to  investigate  the  role  of  the  various  ingredients. 

One  of  the  major  problems  in  manufacture  of  meat  emulsion  products  is 
the  retention  of  fat.  Three  different  measures  were  developed  to 
determine  the  ability  of  the  proteins  to  emulsify  fat  namely,  emulsifying 
capacity  (EC),  emulsion  stability  ( ES )  and  emulsifying  ability  (EA). 

In  this  review,  we  are  mainly  concerned  with  the  EC  which  is  the  most 
commonly  used  method.  The  effect  of  various  factors  such  as  the  type 
of  meat,  protein  and  fat,  pH,  shear  force,  temperature  and  others  were 
determined  by  various  workers  by  measuring  the  EC. 
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But  model  systems  are  not  without  problems.  Since  the  environment 
is  different  in  a  complete  food  system,  results  obtained  from  a  model 
system  cannot  always  be  related  to  practical  conditions.  So  as  pointed 
out  by  Matti 1  (1971),  the  question  must  always  be  asked: 

Wk&t  is  the  eftftect  oft  the  other  components  oft  the  6ij6tm  ? 

Hou)  do  the  data  ftrom  an  emulslftlabhilty  test  aim  tn  a  beaker 
relate  to  the  complete  Ionic  environment  In  a  ftrankftuAter  ? 

In  the  system  of  Swift  et  at.  ( 1 9 6 1 ) ,  emulsion  collapse  occurred  at  a 
protein  to  fat  ratio  of  1 : 1 6 00 ,  whereas  in  actual  practice  a  ratio  of 
1:4  will  never  be  exceeded.  In  model  systems,  the  emulsions  are  exposed 
to  a  stress  (speed  and  time  of  mixing)  far  beyond  the  one  produced  by 
commercial  equipment.  Another  problem  is  the  variety  of  methods  used 
by  various  researchers  producing  data  which  are  difficult  to  compare. 
Even  the  terminology  used  in  the  literature  is  confusing,  EC  having  a 
different  meaning  for  different  workers  and  being  expressed  in  different 
uni ts . 


This  emphasizes  the  need  for  improved  standardized  quantitative 
laboratory  methods  to  evaluate  the  properties  of  conventional  and  new 
proteins  and  determine  the  effect  of  different  treatments  on  the 
functionality  of  these  proteins.  So  many  variables  are  involved  in  the 
actual  production  of  a  meat  emulsion  that  it  is  almost  impossible  to 
develop  a  laboratory  method  with  a  congruent  relationship  to  the  actual 
practice.  But  it  should  be  possible  to  obtain  results  which  can  be 
correlated  to  practical  situations  (inklaar  and  Fortuin  1969)*  The 
most  currently  used  procedure  is  the  method  of  Swift  et  at.  (1961) . 
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Bas  ?  c  principles 

As  has  already  been  mentioned,  manufacture  of  meat  emulsion 
products  was  empirical  not  long  ago.  Need  for  increased  understanding 
and  better  quality  stimulated  research  in  the  area  of  emulsion  science. 

Out  of  this  interest  a  number  of  methods  were  described  to  measure  the 
emulsification  properties  of  proteins.  The  first  model  system  was 
developed  by  Swift  et  at.  in  1 96 1  and  the  basic  principles  involved  are 
still  the  same  in  the  systems  now  in  use. 

The  system  devised  by  Swift  et  at.  (1961)  measured  the  so-called 
emulsifying  capacity.  This  method  determined  the  maximum  amount  of  fat 
that  could  be  emulsified  by  a  protein  under  standard  conditions.  It  was 
based  on  the  fact  that  the  breakdown  of  a  meat  emulsion  usually  results 
in  separation  of  fat  during  processing. 

The  basic  method  described  by  Swift  et  at.  (1961)  consisted  of 
blending  at  high  speed  a  fixed  amount  of  meat  slurry  or  protein  extract 
of  known  concentration  together  with  a  fixed  initial  aliquot  of  melted 
lard.  A  thick  oil-in-water  emulsion  resulted.  As  mixing  was  continued, 
more  lard  was  incorporated  into  the  emulsion  at  a  specific  rate  until 
the  emulsion  inverted  i.e.  until  the  viscosity  dropped  sharply.  The 
amount  of  lard  expressed  in  ml  per  unit  of  protein  was  the  emulsifying 
capacity  (EC)  of  that  protein. 

This  method  with  modifications  has  been  widely  used  as  an  indicator 
of  the  relative  value  of  proteins  as  emulsifiers.  Several  modifications 
based  on  this  model  system  have  been  reported  either  as  minor  changes  or 
important  modifications.  Most  modifications  resulted  from  the  use  of 
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different  equipment  and  consisted  of  changes  in  speed  of  mixing,  rate 
of  oil  addition,  means  of  detection  of  the  end-point,  protein  concentra¬ 
tion  and  others.  The  resulting  emulsions  were  visually  different  and 
fat  globule  sizes  were  also  different  (Saffle  1968).  The  fact  that  EC 
has  been  measured  in  different  ways  by  different  authors  makes  the 
comparison  between  studies  difficult.  Since  EC  depends  on  the  system 
used  each  system  should  be  described  thoroughly. 

Most  currently  used  systems 

In  the  first  model  system  developed  by  Swift  et  at.  in  1 96 1  a 
muscle  protein  slurry  was  prepared  by  mixing  50  g  of  ground  meat 
together  with  200  ml  of  cold  1,0  M  NaCl  solution  in  a  Sorvall  Omn i - 
mixer  for  2  minutes  at  13  000  rpm.  The  type  of  container  (1  pint  jar, 
diameter  7,3  cm)  and  the  propeller  used  (blade  span  5,7  cm)  were 
described  and  details  concerning  the  temperature  were  given,  the  jar 
contents  being  immersed  in  an  ice  bath.  Twelve  and  five-tenths  grams 
of  slurry  were  diluted  with  37,5  ml  of  cold  saline  solution  and  mixed 
for  a  few  seconds  at  1  000  rpm.  A  specific  amount  of  melted  lard  (50 
ml)  was  added  to  the  diluted  slurry  and  high  speed  mixing  (13  000  rpm) 
was  started.  A  stiff  oil-in-water  emulsion  was  formed  and  became  more 
and  more  viscous  on  continued  fat  addition  at  a  rate  of  0,8  ml  per 
second.  The  breaking  of  the  emulsion  was  indicated  by  a  sudden  drop 
in  viscosity,  at  which  point  the  addition  of  fat  was  stopped.  The 
emulsifying  capacity  was  defined  as  the  total  amount  of  fat  added  in 
ml  of  fat  per  2,5  g  of  tissue. 
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Carpenter  and  Saffle  (1964)  attempted  to  develop  a  standard 
procedure  for  laboratory  determination  of  the  comparative  emulsifying 
capacity  of  various  meat  proteins.  Although  they  referred  to  their 
method  as  being  different  it  was  actually  only  a  modification  of  that 
of  Swift  et  al.  (1961).  They  used  an  Osterizer  mixer,  and  an  inverted 
pint  Ball  jar  to  which  25  ml  of  protein  extract  (10  mg/ml)  and  50  ml 
of  Wesson  oil  were  added  and  blended  for  30  seconds  at  13  400  rpm. 

More  oil  was  then  added  at  a  constant  rate  of  0,50  ml  per  second  until 
the  viscosity  suddenly  dropped.  Carpenter  and  Saffle  (1964)  had  no 
problem  with  the  types  of  rigid  emulsions  resistant  to  mixing  reported 
by  Swift  et  al.  ( 1 96 1 ) .  The  main  difference  between  the  two  systems 
resides  in  the  fact  that  Carpenter  and  Saffle  (1964)  worked  with  salt- 
soluble  protein  extracts  instead  of  meat  slurries. 

As  mentioned  earlier,  there  exists  a  different  method  for  each 
group  of  workers.  Therefore,  the  following  discussion  will  be  based 
on  results  obtained  by  different  researchers  referring  to  their  own 
system.  Unless  otherwise  stated,  the  basic  principles  involved  are  the 
same  as  in  the  model  of  Swift  et  al .  (1961)  . 

New  model  systems 

In  a  recent  study  using  chicken  breast  muscle  myosin,  Galluzzo  and 
Regenstein  (1978a)  optimized  the  conditions  for  the  EC  test  with  respect 
to  temperature  of  oil,  rate  of  mixing,  oil  addition  rate  and  aqueous 
starting  volume.  Based  on  these  conditions,  they  developed  a  timed 
emulsification  test  in  which  fixed  amounts  of  aqueous  and  oil  phases 
were  emulsified  for  fixed  periods  of  time.  The  changes  occurring  in  the 
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various  proteins  during  emulsification  were  followed  by  SDS  gel 
electrophoresis.  Using  this  system  they  investigated  the  role  of  the 
various  meat  proteins  in  the  emulsification  process  for  purified 
proteins  (Galluzzo  and  Regenstein  1978b)  and  more  complex  model  systems, 
namely,  natural  actomyosin  and  glycerinated  contracted  and  uncontracted 
myofibrils  (Galluzzo  and  Regenstein  1978c).  Of  the  purified  proteins, 
myosin  was  the  most  rapidly  taken  up  into  the  emulsion  followed  by 
actomyosin  and  then  act  in.  In  more  complex  systems  they  found  that 
myosin  was  again  preferentially  used  over  actin.  According  to  their 
relative  loss  of  solubility  at  the  oil/water  interface  they  ranked  the 
myofibrillar  protei ns,  act i n  being  the  most  resistant  followed  by 
tropomyosin  and  troponin  with  actomyosin  and  myosin  coming  next  and 
being  roughly  equal. 

Schut  (1978)  developed  a  new  model  system  which  created  a  link 
between  model  systems  where  oil  was  emulsified  and  actual  meat  emulsion 
production.  In  this  system,  rendered  solid  pork  fat  was  emulsified  in 
a  matrix  consisting  of  a  special  type  of  pre-gelat i n i zed  starch  (for 
sufficient  resistance  to  achieve  a  comparable  reduction  of  animal  fat 
during  chopping)  in  various  meat  protein  extracts  at  low  temperature. 
This  method  reproduced  more  closely  the  situation  in  a  bowl  chopper 
and  although  more  research  is  necessary  in  this  particular  area  this  is 
the  kind  of  system  that  is  desirable.  The  remainder  of  this  review 
deals  with  the  basic  system  first  developed  by  Swift  et  al.  (1961). 
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Factors  Affecting  the  Emulsifying  Capacity 

The  factors  that  can  affect  the  EC  of  meat  proteins  were  studied 
by  several  researchers,  in  particular  by  Swift  et  al.  ( 1 96 1 )  and 
Carpenter  and  Saffle  (1964).  Conditions  such  as  equipment  design,  shape 
of  container,  speed  of  blending,  rate  of  oil  addition,  temperature,  pH, 
protein  (source,  solubility  and  concentration),  kind  of  oil  used,  salt 
(type  and  concentration),  sugar  and  water  content  all  affect  the  EC  of 
proteins  (Saffle  1968). 

The  following  factors  affecting  EC  measurement  were  studied:  time 
of  comminution  of  the  meat  in  saline  solution,  dilution  of  the  meat 
slurry,  initial  volume  of  slurry  and  oil,  emulsification  at  different 
rates  of  mixing  and  different  rates  of  oil  addition,  temperature  and 
effectiveness  of  water-  and  sa 1 t-so 1 ubl e  proteins.  The  EC  of  various 
sausage  meats  was  also  determined. 

Effect  of  time  of  comminution 

Swift  et  al.  (1961)  found  that  there  was  an  optimum  time  of 
comminution  of  the  meat  in  saline  solution  of  two  minutes  for  which  the 
EC  was  maximum  (table  1,  from  Swift  et  al.  I960  . 

Effect  of  protein  concentration 

It  was  also  found  by  Swift  et  al.  (1961)  that  as  the  protein 
concentration  decreased,  the  EC  increased  and  the  viscosity  of  the 
emulsion  formed  decreased.  Their  results  are  presented  in  table  2. 
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TABLE  1.  Effect  of  time  of  comminution  of  meat  slurry  on  EC 


Time  of  comminution 

at  13  000  rpm  tC 

min  ml  oil/2,5  g  tissue 


137 

148 

133 

131 


(From  Swift  et  at.  1961,  table  1) 


1 

2 

3 
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TABLE  2.  Effect  of  protein  concentration  on  EC 


NaCl/2,5  g  tissue 

EC 

Description  of 
the  emul s i on 

ml 

ml  o i 1/2,5  g  ti ssue 

— 

22,5 

82 

semi -sol i d 

^7,5 

127 

viscous,  mixable 

100,0 

179 

moderately  viscous 

(From  Swift  et  at.  1961,  table  2) 


This  effect  of  protein  concentration  was  observed  by  other  workers  using 
both  model  systems  for  meat  (Gillett  et  at.  1977;  Hegarty  et  at.  1963; 
Ivey  et  at.  1970;  Maurer  et  at.  1969a;  Tsai  et  at.  1972;  Young  1976) 
and  non  meat  proteins  (Pearson  et  at.  1965;  Wang  and  Kinsella  1976)  and 
also  for  laboratory  prepared  meat  emulsions  (Morrison  et  at.  1971 ) - 
Kinsella  (1976)  attributed  the  effect  of  protein  concentration  to  a 
greater  degree  of  unfolding  of  the  protein  chains  caused  by  the  shearing 
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force  and  hydrophobic  bonds  with  lipid  droplets  resulting  in  a  greater 
ratio  of  volume  to  surface  area  and  hence  a  greater  emulsification 
capac i ty . 

Whereas  the  negative  relationship  between  EC  and  protein  con¬ 
centration  was  curvilinear  in  most  cases  (figure  1,  from  Tsai  et  at. 

1972),  Carpenter  and  Saffle  (1964)  contended  that  a  straight-line 
relationship  existed  as  long  as  the  system  was  not  overloaded  (figure 
2,  from  Carpenter  and  Saffle  1964). 

This  gave  rise  to  some  controversy  in  the  literature  (Gillett 
et  at.  1977).  However,  it  can  be  shown  that  the  confusion  arose  from 
the  way  of  expressing  the  results.  Acton  and  Saffle  (1972)  found  that 
the  positive  linear  relationship  obtained  by  Carpenter  and  Saffle 
(1964)  was  also  negative  and  curvilinear  when  the  results  were  expressed 
as  amount  of  oil  per  unit  of  protein  (figure  3,  from  Acton  and  Saffle 
1972).  Because  part  of  the  emulsion  remained  on  the  side  of  the 
jar  and  because  the  mixing  was  incomplete  near  the  end-point  at 
high  protein  concentration,  Saffle  ( 1 968)  attributed  the  decrease  in  EC 
to  overloading  of  the  system.  Subsequently,  Ivey  et  at.  (1970) 
suggested  that  thicker  protein  membranes  were  formed  on  the  fat  globules 
at  high  protein  concentrations  utilizing  more  protein  per  drop.  As  it 
was  explained  by  Gillettet  at.  (1977),  the  EC  and  the  amount  of  oil 
emulsified  are  only  different  algebraic  expressions  of  the  same  data, 
this  fact  is  illustrated  in  figure  3  in  which  the  line  for  the  volume  of 
oil  becomes  the  axis  of  the  parabola  formed  by  the  EC  curve.  In  his 
work  on  animal  protein  isolates,  Young  (1976)  failed  to  find  a  curvilinear 
relationship  (figure  4,  from  Young  1976)  because  even  the  more  dilute 
isolates  did  not  fall  upon  the  oil  volume  curve. 
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PROTEIN  CONCENTRATION 
(mg  in  0,5  ml  solution) 


Figure  1:  Effect  of  protein  concentration  on  EC  of  myosin  and 

sarcoplasmic  proteins.  Salt  concentration  of  solutions  is 
0,5M  KC 1  (from  Tsai  et  al.  1972,  figure  2) 
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4  8  12 

PROTEIN  CONCENTRATION  (mg/ml) 


Figure  2:  Effect  of  variable  amounts  of  soluble  protein  in  25  ml 
portion  of  meat  slurry  on  the  amount  of  oil  emulsified 
(from  Carpenter  and  Saffle  1964,  figure  3) 
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Figure  3:  Effect  of  protein  concentration  on  EC  (ml  oil/100  mg  protein) 
and  emulsified  volume  (total  ml  of  oil)  (from  Acton  and  Saffle 
1972,  figure  2) 


protein) 
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PROTEIN  CONCENTRATION 


Figure  4:  Effect  of  protein  concentration  on  EC  of 
isolates  (from  Young  1976,  figure  2) 


(mg/ml) 


animal  protein 


, 
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Effect  of  initial  volume  (solution  and  oil) 


Carpenter  and  Saffle  ( 1 9 6 ^4 )  found  that  the  EC  increased  linearly 
with  the  initial  amount  of  soluble  protein  extract  (figure  5,  from 
Carpenter  and  Saffle  1964).  As  the  initial  volume  of  oil  was  increased 
the  EC  also  increased.  The  effect  of  the  initial  amount  of  oil  was  in 
fact  attributed  to  differences  in  final  temperature  resulting  from 
longer  times  of  exposure  to  the  shearing  force  (table  3,  from  Carpenter 
and  Saffle  1964)  . 


120 

I 

5  80 

15  25 

INITIAL  VOLUME  (ml) 

Figure  5:  Effect  of  initial  volume  of  soluble  protein  extract 

(containing  11,3  mg  of  soluble  protein  per  ml)  on  the 
amount  of  oil  emulsified  (from  Carpenter  and  Saffle  1964, 
figure  l) 
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TABLE  3-  Effect  of  initial  amount  of  oil  in  the  mixer 


Initial  amount 
of  oi  1 

EC 

Final  temperature 

ml 

ml  oi 1/100  mg 
soluble  protein 

°C 

25 

30,79 

31-33 

50 

33,20 

27-28 

60 

33,20 

27-28 

75 

no  emulsion  formed 

— 

(From  Carpenter  and  Saffle  196^+,  table  1) 


Effect  of  speed  of  mixing 

Several  workers  reported  that  the  speed  of  mixing  inversely 
affected  the  amount  of  oil  that  could  be  emulsified  by  meat  proteins 
(Carpenter  and  Saffle  1 964 ;  Crenwelge  et  at.  1974;  Ivey  et  at.  1970; 
Swift  et  at.  1961).  Moreover,  Swift  et  at.  (1961)  observed  that  the 
rate  of  mixing  also  affected  the  character  of  the  emulsion  produced,  its 
viscosity  increasing  with  the  rate  of  mixing  (table  4,  from  Swift  et  at. 
1961).  Carpenter  and  Saffle  (1964)  found  an  inverse  linear  relation 
between  EC  and  the  speed  of  mixing  provided  that  the  temperature  at 
emulsion  collapse  was  controlled  (figure  6,  from  Carpenter  and  Saffle 
1964);  the  oil  was  dispersed  into  smaller  droplets  leading  to  an 
increasing  surface  area  of  the  oil  to  be  emulsified  by  the  same  limiting 
quantity  of  protein.  The  effect  of  the  speed  of  mixing  was  also 
confirmed  by  Hegarty  et  at.  (1963)  who  worked  at  much  lower  speed  and 
found  higher  values  of  EC.  Using  the  system  of  Hegarty  et  at.  (1963) , 
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TABLE  4.  Effect  of  rate  of  mixing  on  EC 


Rate  of  mixing 


rpm 


EC 


ml  fat/2,5  Q  tissue 


Description  of  the 
emul s i on 


13  000 
9  200 
6  500 


142 

168 

185 


v i scous ,  m i xab 1 e 
slightly  viscous 
grainy  suspens ion 


(From  Swift  et  at.  1961,  table  2) 


Figure  6:  Effect  of  speed  of  mixing  on  the  amount  of  oil  emulsified  by 
a  p ro tein  extract  containing  11  ,3  rng  soluble  protein/ml 
(from  Carpenter  and  Saffle  1964,  figure  2) 


Pearson  et  at.  (1965)  clearly  showed  that  the  fat  globules  were  considerably 
larger  than  those  obtained  from  other  systems  with  higher  rates  of  mixing. 
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Ivey  et  al .  (1970)  discussed  the  effect  of  the  speed  of  mixing  in  terms 
of  the  inter-relationships  between  droplet  size  and  interfacial  film 
thickness.  Schut  (1976)  also  provided  an  explanation  for  the  effect 
of  shear  force:  high  speed  mixing  for  a  prolonged  period  of  time  could 
impair  the  mechanical  properties  of  the  films  explaining  the  inverse 
relation  between  EC  and  speed  of  mixing.  Crenwelge  et  at.  (197*0 
reported  that  maximum  emulsification  occurred  at  different  speeds 
depending  on  the  protein  source.  According  to  these  researchers  optimum 
blender  speeds  should  be  used;  however,  under  these  conditions,  exact 
comparison  with  other  published  results  would  be  impossible.  That  time 
and  type  of  mixing  had  an  important  effect  on  the  character  of  the 
emulsion  was  further  demonstrated  by  Tornberg  and  Hermansson  (1977)  who 
compared  the  emulsions  produced  by  different  types  of  mixers. 

Effect  of  rate  of  fat  addition 


The  effect  of  rate  of  fat  addition  is  not  clear.  Swift  et  al. 
(1961)  reported  a  positive  linear  relationship  between  rate  of  fat 
addition  and  amount  of  oil  emulsified  (figure  7,  from  Swift  et  al . 
1961).  Huffman  et  al.  (1975)  demonstrated  an  optimum  rate  which  was 
different  for  each  protein  source.  On  the  other  hand,  Carpenter  and 
Saffle  (1964)  reported  no  effect  of  the  rate  of  oil  addition  unless  the 
capacity  of  the  mixer  was  exceeded  or  unless  the  different  rates 
resulted  in  different  temperatures  at  emulsion  collapse. 
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RATE  (ml/sec) 


Figure  J :  Effect  of  rate  of  fat  addition  on  the  amount  of  fat 
emulsified  (from  Swift  et  at.  1961,  figure  2) 


Effect  of  temperature 


The  practical  experience  of  sausage  makers  who  take  many  pre¬ 
cautions  to  prevent  excessive  temperature  rise  during  chopping  was 
substantiated  by  the  results  obtained  in  model  systems.  Swift  et  at. 
(1961)  observed  an  inverse  linear  relationship  between  the  temperature 
reached  during  emulsification  and  the  EC  of  meat  proteins  within  a 
range  of  18  to  46°C  (figure  8,  from  Swift  et  al.  1981).  Carpenter  and 
Saffle  (196*0  found  a  similar  negative  relation  in  a  range  from  *+  to 
50°C.  They  stated  that  the  final  temperature  of  the  emulsion  was  more 
critical  than  factors  like  the  rate  of  oil  addition  or  the  speed  of 
mixing;  uncontrolled  temperature  would  change  the  otherwise  straight- 
line  relationship  between  EC  and  protein  concentration  to  a  curvilinear 
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Figure  8:  Effect  of  maximum  temperature  of  the  emulsion  on  the  amount 
of  fat  emulsified  (from  Swift  et  at.  1961,  figure  3) 


one  as  reported  for  other  systems.  At  that  time  the  influence  of 
temperature  was  explained  by  an  increase  in  interfacial  area,  a  decrease 
in  viscosity,  the  expansion  of  oil  drops,  denaturation  of  the  proteins,  and 
promoted  coalescence  of  oil  drops  at  increasing  emulsification  temperature 
(Schut  1976).  Other  studies  showed  that  heat  denaturation  could  not 
account  for  the  effect  of  temperature.  For  example,  the  EC  of  a  salt- 
soluble  protein  extract  held  at  38°C  for  more  than  3  hours  was  unaffected 
by  this  treatment  (Schut  1976).  Using  meat  emulsions,  reversibility  of 
the  emulsifying  properties  was  found  after  chilling  of  a  previously 
heated  emulsion  (Helmer  and  Saffle  1963).  Schut  (1976)  did  not  find  a 
linear  relationship  between  temperature  and  EC  but  found  it  was  true 
that  the  size  of  the  fat  globules  was  reduced  at  higher  temperatures 
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resulting  in  an  increased  surface  area.  According  to  this  researcher, 
the  effect  of  temperature  could  be  explained  in  terms  of  film  elasticity 
and  viscosity  and  emulsion  viscosity  which  all  decreased  at  high 
temperature  impairing  emulsion  stability.  More  information  on  the 
effect  of  temperature  was  obtained  with  actual  meat  emulsions  (Helmer 
and  Saffle  1963;  Saffle  et  at.  1967;  Townsend  et  at.  1968)  but  it 
will  not  be  detailed  here. 

Effect  of  different  types  of  fats 

The  behaviour  of  different  plant  and  animal  fats  and  oils  in 
emulsions  produced  in  a  model  system  was  studied  by  Christian  and 
Saffle  (1967).  Among  the  saturated  fatty  acids  and  triglycerides  the 
lower  molecular  weight  species  could  be  emulsified  in  larger  amounts. 

At  comparable  fatty  acid  chain  length,  more  unsaturated  than  saturated 
fatty  acids  were  emulsified  with  fatty  acids  with  one  double  bond  coming 
first  followed  by  those  with  two  double  bonds.  Significant  differences 
were  found  in  the  amounts  of  the  different  plant  oils  and  animal  fats 
which  could  be  emulsified  by  meat  protein  extracts.  However,  the 
results  obtained  from  this  study  were  not  applicable  to  actual  production 
for  two  reasons.  First,  only  a  small  increase  in  the  fat  level  could 
be  obtained  by  selecting  the  type  of  fat  and  secondly,  the  fats  which 
could  be  added  in  larger  amounts  were  different  from  those  which  would 
have  been  predicted  from  results  of  experiments  with  pure  fatty  acids. 

Effect  of  method  of  detection  of  the  end-point 


The  determination  of  the  end-point  is  another  factor  that  can 
affect  the  EC.  Several  researchers  used  the  sudden  drop  in  viscosity 
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which  occurred  at  emulsion  collapse  as  the  indicator  of  the  end-point 
(Borton  et  al.  1968;  Carpenter  and  Saffle  1964,  1965;  Christian  and 
Saffle  1967;  Ivey  et  al.  1970;  Pearson  et  al.  1965;  Swift  et  al. 

1961 ;  Swift  and  Sulzbacher  1963)*  This  method  was  reported  to  be 
subjective  and  not  useful  for  emulsions  of  low  viscosity  and  to  require 
an  experienced  operator  (Webb  et  al.  1970;  Marshall  et  al.  1975).  A 
number  of  other  methods  were  suggested  for  the  determi nation  of  the  end¬ 
point.  Webb  et  al.  (1970)  measured  the  resistance  of  meat  emulsions, 
which  remained  low  until  the  fat  droplets  began  to  aggregate  where  it 
increased  very  sharply.  However,  emulsions  of  low  viscosity  were  be¬ 
lieved  to  distort  the  determination  because  of  their  electrophoretic 
properties  and  emulsions  of  high  viscosity  had  a  tendency  to  coat  the 
electrodes  and  to  increase  the  resistance  (Haq  et  al.  1973).  Haq  et  al. 
(1973)  used  direct  current  resistance  measurements  to  determine  emulsion 
stability  but  noted  that  a  few  problems  were  associated  with  the  method 
which  could  be  solved  in  part  by  the  use  of  alternating  current.  Others 
(Crenwelge  et  al.  1974;  Tybor  et  al.  1973)  used  a  sudden  drop  in 
amperage  required  to  drive  the  mixer  motor  as  an  indicator  of  emulsion 
oil  titration  end-point.  However,  this  method  was  dependent  on  the 
viscosity  changes  occurring  at  emulsion  collapse  which  made  it  of  little 
use  for  emulsions  of  either  low  or  high  viscosity  (Marshall  et  al.  1975). 
Recently,  Marshall  et  al.  (1975)  developed  a  technique  where  the  visual 
identification  was  facilitated  by  the  increased  visibility  of  coloured 
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Effect  of  un i ts 


There  are  no  standardized  conditions  for  the  determination  of  EC, 
the  various  investigators  establishing  conditions  arbitrarily.  Further¬ 
more,  EC  has  been  usually  expressed  in  different  units.  As  a  result, 
comparisons  between  studies  are  virtually  impossible.  Acton  and  Saffle 
(1972)  proposed  the  use  of  the  oil  phase  volume  at  emulsion  collapse 
defined  as  the  percent  oil  volume  of  the  total  emulsion  volume  to  compare 
data  from  different  studies.  According  to  these  workers,  the  constancy 
of  the  oil  phase  volume  of  muscle  proteins  would  minimize  the  effect  of 
protein  concentration  (figure  3,  from  Acton  and  Saffle  1972).  However, 
the  oil  phase  volume  was  later  found  to  be  variable  by  other  researchers 
(Crenwelge  et  al.  1974;  Tybor  et  al.  1973).  Tybor  et  al.  (1973) 
reported  that  proteins  from  beef  blood  varied  in  oil  phase  volume  at 
different  concentrations;  in  certain  cases,  they  varied  from  about  40 
to  85%  oil  phase  volume.  Proteins  from  cottonseed  and  soybean  seeds, 
non  fat  dry  milk  and  globin  were  found  to  vary  in  oil  phase  volume  over 
a  wide  range  of  pH  values  (figure  9,  from  Crenwelge  et  al .  1974). 

Emulsifying  Characteristics  of  Meat  Protein  Fractions 

The  first  mention  of  the  different  ability  of  the  various  meat 
proteins  to  emulsify  fat  was  made  in  1959  by  Turner  and  Olson  who 
obtained  a  patent  based  on  the  fact  that  myofibrillar  proteins  regulate 
the  stability  of  meat  emulsions.  Since  then,  the  importance  of  the 
myofibrillar  proteins  as  emulsifying  agents  has  been  reported  by 
several  researchers.  A  few  of  these  studies  will  be  reported  here 
which  emphasize  the  fact  that  water-soluble  protein  films  are 
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Figure  9:  Effect  of  pH  on  the  percent  oil  phase  volume  of  emulsion 
at  inversion  (from  Crenwelge  et  at.  197*+,  figure  3) 

NFDM:  non  fat  dry  milk 
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characteristic  of  interfacial  protein  films  whereas  salt-soluble 
proteins  exhibit  a  behaviour  different  from  that  of  any  other  protein. 

The  optimum  condition  for  formation  of  protein  films  is  high  ionic 
strength  at  the  isoelectric  point  (Schut  1976). 

Microscopic  examination  of  protein  membranes 

As  has  already  been  mentioned,  microscopic  examination  of  emulsions 
indicated  that  salt-soluble  proteins  formed  thicker  membranes  around 
the  fat  globules  than  water-soluble  proteins  (Hansen  I960;  Swift  et 
at.  1961 ;  Trautman  1964). 

Effect  of  salt 


Swift  et  at.  (1961)  reported  that  both  water-  and  salt-soluble 
proteins  are  capable  of  stabilizing  emulsions  but  to  a  different  extent. 
Even  though  they  found  the  ability  of  water-soluble  proteins  to  stabilize 
emulsions  to  be  enhanced  by  salt,  it  always  remained  inferior  to  that 
of  salt-soluble  proteins.  In  a  subsequent  study,  Swift  and  Sulzbacher 
(1963)  further  demonstrated  the  enhancing  effect  of  salt  on  the  EC  of 
the  wa ter-sol ubl e  proteins  (figure  10,  from  Swift  and  Sulzbacher  1963)* 
The  effect  of  salt  on  water-soluble  proteins  was  explained  in  terms  of 
critical  surface  area  which  also  increases  with  increasing  ionic  strength 
of  the  water  phase,  corresponding  to  a  greater  extent  of  spreading  of 
the  protein  molecule  (Schut  1976).  Swift  and  Sulzbacher  (19&3)  also 
showed  that  anions  affected  EC  in  the  order  of  the  Hofmeister  series 
(KSCN,  Kl,  KN03,  KBr ,  KC1  and  K2S.O4  in  decreasing  order),  probably 
according  to  their  ability  to  influence  the  unfolding  of  the  protein 
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pH 


Figure  10:  Effect  of  pH  and  NaCl  concentration  on  the  amount  of  fat 
emulsified  by  water-soluble  proteins  (from  Swift  and 
Sulzbacher  1963,  figure  1) 


molecules.  The  importance  of  the  configuration  of  the  protein  molecule 
on  EC  was  further  demonstrated  by  Du  Bois  et  at.  (1972)  who  experimented 
with  enzymatic  hydrolysis  of  meat  proteins.  Limited  proteolysis  increased 
EC  but  prolonged  proteolysis  caused  a  decrease.  On  the  other  hand,  the 
EC  of  salt-soluble  proteins  was  found  to  increase  with  increasing  ionic 
strength  only  in  the  pH  range  between  5.0  and  6.0  (figure  11,  from 
Swift  and  Sulzbacher  1963)-  Swift  and  Sulzbacher  (1963)  attributed 
this  effect  of  ionic  strength  on  EC  to  changes  in  solubility  of  the 
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Figure  11:  Effect  of  pH  and  concentration  of  NaCl  on  the  amount  of 
fat  emulsified  by  salt-soluble  proteins  (from  Swift  and 
Sulzbacher  1963,  figure  2) 


Effect  of  pH 

Swift  and  Sulzbacher  (1963)  found  the  highest  EC  of  water-soluble 
proteins  at  pH  5-2,  which  corresponded  to  their  isoelectric  point;  their  EC 
decreased  on  either  side  of  this  pH  value  (figure  10,  from  Swift  and 
Sulzbacher  1963)-  The  maximum  value  of  EC  has  been  attributed  to  the 
formation  of  salt  bridges  and  hydrogen  bonds  which  is  also  maximum  at 
the  isoelectric  point  (Schut  1976).  On  the  contrary,  the  EC  of  salt- 
soluble  proteins  reached  a  maximum  value  at  pH  6.0  and  6.5  and  remained 
constant  as  the  pH  was  increased  to  8.0  in  the  study  of  Swift  and 
Sulzbacher  (figure  11,  from  Swift  and  Sulzbacher  1963)- 
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Effect  of  protein  concentration 

Swift  et  al.  (1961)  found  that  the  EC  of  the  salt-soluble  proteins 
increased  on  dilution  whereas  the  efficiency  of  the  water-soluble 
proteins  remained  approximately  the  same.  Schut  (1978)  observed  that 
the  protein  load,  defined  as  mg  of  protein  absorbed  per  gram  of  oil, 
decreased  as  the  p rote i n- to~o i 1  ratio  was  increased  for  the  salt-soluble 
proteins  but  remained  constant  for  the  water-soluble  proteins.  On  the 
other  hand,  it  was  also  reported  that  EC  also  decreased  with  increasing 
protein  concentration  for  water-soluble  proteins  (figure  1,  from  Tsai 
et  al.  1972). 

Salt-soluble  proteins  as  emulsifying  agents 

Evidence  of  the  importance  of  the  salt-soluble  proteins  as 
emulsifying  agents  has  been  provided  by  several  researchers.  Fukazawa  et 
at.  (1961),  working  with  experimental  sausages,  reported  an  appreciable 
decrease  in  binding  quality  when  myosin  was  removed.  However,  sausages 
made  from  actin-poor  fibrils  or  without  water-soluble  proteins  were  only 
slightly  inferior  to  those  prepared  from  the  whole  muscle. 

Hegarty  et  al.  (1963)  ranked  the  different  i nt race  1 1 u 1  a r  beef 
muscle  proteins  from  greatest  EC  to  least  as  follows:  actin  in  the 
absence  of  salt,  myosin,  actomyosin,  sarcoplasmic  proteins  and  actin  in 
0,3  M  salt.  In  other  words,  myofibrillar  proteins  had  a  greater  EC  than 
sarcoplasmic  proteins.  A  similar  state  of  affairs  was  reported  for 
mutton  (Baliga  and  Madaiah  1970)  and  for  porcine  muscle  (Tsai  et  al. 

1972). 
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In  1964,  Carpenter  and  Saffle  developed  a  method  similar  to  that 
of  Swift  et  clI  .  (l96l)  based  on  salt-soluble  proteins  to  determine  the 
EC  of  sausage  meats.  While  Swift  (1965)  reported  the  EC  of  the  salt- 
soluble  proteins  to  be  from  30  to  400%  that  of  water-soluble  proteins. 
Carpenter  and  Saffle  (1964)  found  the  water-soluble  proteins  were  only 
70 %  as  efficient  in  EC  as  the  salt-soluble  proteins.  The  ability  of 
meat  to  emulsify  depended  in  part  on  the  shape  and  charge  of  the  protein 
molecule  as  shown  by  Carpenter  and  Saffle  (1965).  The  superiority  of 
the  salt-soluble  proteins  might  be  explained  in  terms  of  the  shape  of 
the  molecule  since  water-soluble  proteins  are  approximately  spherical 
in  shape  whereas  salt-soluble  proteins  are  rather  asymetrical  molecules. 

Using  the  rate  of  fat  separation  as  an  indicator  of  emulsifying 
ability,  Trautman  (1964)  found  the  salt-soluble  proteins  to  be  the  major 
emulsifying  components  in  porcine  muscle  while  the  emulsifying  power  of 
the  water-soluble  proteins  and  of  the  sa 1 t- i nso 1 ub 1 e  residue  was  very 
low. 


Saffle  and  Galbreath  (1964)  used  the  salt-soluble  protein  content 
as  a  measure  of  EC.  They  related  the  extractab i 1 i ty  of  the  salt-soluble 
proteins  from  various  meats  to  their  known  effect  in  meat  emulsions.  In 
general,  meat  sources  producing  superior  emulsions  had  higher  amounts 
of  extractable  proteins. 

The  postmortem  decrease  in  emulsifying  efficiency  for  bovine 
(Saffle  and  Galbreath  1964),  porcine  (Trautman  1964)  and  ovine  (Van  Eerd 
1972)  muscles  was  believed  to  be  caused  by  decreased  ext ractab i 1 i ty  of 
the  salt-soluble  proteins. 
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A  high  correlation  (r  =  0,3k)  was  found  between  the  amount  of 
soluble  protein  from  different  meat  sources  and  the  emulsifying 
properties  of  their  extracts  by  Gillett  et  at.  (1977).  Freezing  and 
cooking  altered  both  the  solubility  of  the  proteins  and  their 
emulsifying  capacity. 

In  a  very  recent  study  comparing  results  obtained  from  practical 
experiments  and  those  obtained  from  two  model  systems,  Schut  (1978) 
concluded  that  the  salt-soluble  fraction  plays  the  important  role  in 
emulsion  formation  rather  than  the  water-soluble  protein  fraction, 
confirming  results  from  previous  reports  by  other  researchers.  Schut 
ranked  the  meat  proteins  in  decreasing  order  of  EC  as  follows:  myosin, 
actomyosin  and  water-soluble  proteins.  He  also  reported  preferential 
absorption  of  the  proteins  at  the  interface  in  the  same  order.  While 
the  water-soluble  protein  fraction  showed  no  preferential  1 y  absorbed 
protein,  the  salt-soluble  protein  fraction  consisted  of  several  sub¬ 
fractions  with  different  values  of  EC. 

Emulsifying  Characte ri s ti cs  of  Poultry  Meat 

Water-  and  salt-soluble  proteins 

So  far,  we  have  been  mostly  concerned  with  beef  meat.  Much  work 
has  also  been  done  using  poultry  meat.  At  low  protein  concentration,  the 
EC  of  water-  and  salt-soluble  proteins  was  the  same;  however,  the 
salt-soluble  proteins  were  more  efficient  than  the  water-soluble  proteins 
at  high  p  ro  te  i  n  con  cen  trations  (table  5?  from  Ma  urer  st  clZ  .  1989s).  The 
same  workers  could  not  find  any  difference  in  EC  when  it  was  measured 
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TABLE  5-  EC  of  water-  and  salt-soluble  proteins 


P  ro  te  i  n 
concentrati on 

Water-sol ub  le 
proteins 

Sal t-sol ub le 
protei ns 

mg/ml 

ml  oi 1 /I 00  mg 

prote i n 

2 

^3,5 

48,0 

5 

19,6 

24,4 

10 

10,8 

18,1 

15 

7,7 

15,2 

(From  Maurer  et  at.  1969a,  table  1) 


using  protein  solutions  of  equal  concentration  from  different  parts  of 
the  carcass.  It  was  also  reported  that  the  EC  of  both  water-  and  salt- 
soluble  proteins  was  higher  at  low  protein  concentration  (figure  12, 
from  Maurer  et  at.  1969a).  Maurer  et  at.  (1969a),  Parkes  and  May 
(1968),  and  Neelakantan  and  Froning  (1971)  evaluated  the  EC  of  some 
intracellular  turkey  muscle  proteins  at  pH  6.0  and  7*0.  The  EC  of 
myosin  and  actomyosin  was  highest  at  both  pH  levels.  At  pH  7*0  the  EC 
of  the  sarcoplasmic  proteins  was  lowest  but  at  pH  6.0  their  EC  was 
similar  to  that  of  actomyosin. 

In  an  histological  investigation  of  poultry  meat  emulsions, 

Froning  et  at.  (1970)  found  that  the  removal  of  the  salt-soluble  proteins 
greatly  changed  the  characteristics  of  the  emulsion  whereas  extraction 
of  the  watei — soluble  proteins  did  not  visibly  affect  the  prepared 
emulsion  as  judged  by  a  paraffin  embedding  technique.  The  salt-soluble 
proteins  were  apparently  the  principal  emulsifying  agent  at  the  surface 
of  the  fat  globule.  The  removal  of  the  salt-soluble  proteins  resulted 
in  large  fat  globules  and  protein  inclusions  within  them;  fat  globules 
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PROTEIN  CONCENTRATION 
(mg  in  50  ml  solution) 


Figure  12:  Effect  of  protein  concentration  on  EC  for  poultry  meat 
extracts  (from  Maurer  et  at.  1969a,  figure  1) 


were  also  more  irregular.  It  was  believed  that  the  amount  of  salt- 
soluble  proteins  was  insufficient  to  cover  the  fat  globule  surface 
thereby  allowing  coalescence  of  the  fat  globules.  Their  data  emphasize 
the  role  of  the  salt-soluble  proteins  in  meat  emulsions. 

Light  meat  and  dark  meat 

Although  the  total  protein  and  salt-soluble  protein  levels  were 
higher  in  light  meat,  the  EC  of  dark  meat  was  equal  or  higher  than  that 
of  light  meat  for  all  classes  of  poultry  (Hudspeth  and  May  1967; 
McCready  and  Cunningham  1971b;  Parkes  and  May  1968).  The  greater 
amount  of  available  soluble  protein  in  light  meat  was  coun te r-ba 1 anced 
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by  the  greater  EC  of  soluble  protein  from  dark  tissue.  As  pointed  out 
by  McCready  and  Cunningham  (1971b),  the  superiority  of  dark  meat  might 
be  due  to  the  significantly  lower  pH  of  light  meat. 

Effect  of  pH 

The  influence  of  pH  on  EC  of  poultry  was  studied  by  several 
researchers  who  all  found  a  higher  EC  at  higher  pH.  The  EC  of  broiler 
breast  muscle  was  higher  at  pH  values  above  pH  5-9  (table  6,  from 
Froning  and  Neelakantan  1971).  Using  meats  from  various  classes  of 
poultry,  McCready  and  Cunningham  (1971b)  reported  that  EC  measured  at 
pH  7.0  was  significantly  greater  than  EC  at  normal  pH  or  pH  5.0  (table 
7,  from  McCready  and  Cunningham  1971b);  as  mentioned  earlier,  the 
greater  EC  of  dark  meat  over  light  meat  could  be  related  to  the  higher 
pH  of  the  former.  The  same  thing  was  true  of  broiler  meat  (McCready 
and  Cunningham  1971a). 

TABLE  6.  Effect  of  pH  of  broiler  breast  muscle  on  EC 


EC 

ml  fat/2,5  g  tissue 


pH 

Fresh 

Frozen 
6  months 

s  to  rage 
at  -29°C 

<  5.9 

>  5-9 

<  5-9 

>  5-9 

prer i gor 

156 

171 

— 

— 

pos  tr i gor 

134 

151 

142 

155 

(From  Froning  and  Neelakantan  1971 ,  table  2) 
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TABLE  7. 

Effect  of  pH 
of  different 

on  EC  of 
cl  asses 

light  (L) ,  dark 
of  poul  try 

(D) 

and 

skin  (S) 

ti ssues 

EC 

ml  0 i 1 /2  g  t i ssue 

pH 

turkey  toms 

turkey  hens  broilers 

fowl 

L 

D 

S 

L 

D  S  L 

D 

S 

L 

D 

s 

norma  1 

108 

1  18 

51 

139 

140  54  143 

169 

73 

130 

137 

40 

5-0 

84 

76 

41 

83 

64  46  92 

73 

57 

80 

62 

34 

7-0 

150 

149 

51 

190 

185  63  204 

210 

73 

66 

187 

45 

(From  McCready  and  Cunningham  1971b,  table  3) 


Various  classes  of  poul try 


EC  was  found  to  be  different  for  various  classes  of  poultry.  The 
value  of  EC  of  meat  from  turkey  hens  was  about  equal  to  that  for  fowl ; 
it  was  higher  than  that  for  turkey  toms  and  slightly  lower  than  that  of 
broilers  (table  7,  from  McCready  and  Cunningham  1971b).  That  meat  from 
broilers  had  a  superior  EC  when  compared  to  that  from  fowl  and  turkeys 
was  true  both  on  a  protein  basis  (Hudspeth  and  May  19&7;  Maurer  e.~b  at. 
1969a)  and  a  weight  basis  (McCready  and  Cunningham  1971b).  The 
comparison  of  turkey  and  fowl  is  not  as  easy;  on  a  protein  basis,  turkey 
meat  was  reported  to  have  similar  (Hudspeth  and  May  1967)  or  better  EC 
(Maurer  et  at.  1969b). 
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P re  rigor  and  postrigor  meat 

Meat  in  the  prerigor  state  had  an  EC  superior  to  that  of 
postrigor  muscle  as  demonstrated  using  breast  muscle  from  broilers  and 
turkeys  (tables  6,  8  and  9  from  Froning  and  Neelakantan  1971). 


TABLE  8.  Effect  of  prerigor,  postrigor  and  stored  broiler  meat  on  EC 


EC 

ml  oil/2,5  g  breast  meat 


preri  gor 

167 

postri gor 

145 

6  months  storage 

145 

(From  Froning  and  Neelakantan  1971,  table  1) 


TABLE  9-  Effect  of  age  and  pre-  and  postrigor  turkey  breast  muscle  on 
EC 


Age 

State  of 

EC 

weeks 

r  i  go  r 

ml  oi 1/2,5  g  meat 

22 

pre 

145 

post 

133 

24 

pre 

161 

post 

130 

26 

p  re 

185 

post 

137 

(From  Froning  and  Neelakantan  1971,  table  3) 
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Type  of  tissue 

The  type  of  tissue  also  had  an  effect  on  the  EC.  The  EC  of 
skeletal  tissue  from  various  classes  of  poultry  was  found  to  be  higher 
than  that  of  other  tissues  containing  larger  amounts  of  connective 
tissue  (table  7,  from  McCready  and  Cunningham  1971b;  Hudspeth  and  May 
1969;  Maurer  and  Baker  1966). 

Other  factors 


The  EC  of  poultry  meat  was  also  affected  by  several  other  factors. 
Addition  of  salt  improved  EC  (Maurer  et  al.  1969a) .  The  EC  of  prerigor 
turkey  meat  increased  with  age  from  22  to  26  weeks  (table  9,  from 
Froning  and  Neelakantan  1971).  Freeze  drying  and  rehydration  of  salt- 
soluble  protein  extracts  from  broiler  meat  did  not  significantly  affect 
their  EC  (Parkes  and  May  1 968)  .  Frozen  storage  of  broiler  meat  did  not 
significantly  lower  the  EC  (tables  6,  8,  from  Neelakantan  and  Froning 
1971).  The  EC  of  mechanically  deboned  poultry  meat  (MDPM)  was  reported 
to  be  the  same  as  that  of  hand  deboned  meat  (Noble  1973).  A  number  of 
factors  could  affect  the  EC  of  MDPM.  The  EC  of  MDPM  was  significantly 
decreased  on  a  meat  basis  as  the  skin  content  was  increased  (table  10, 
from  Froning  et  at.  1973).  This  was  found  to  be  due  to  an  excess  of 
fat  (Satterlee  et  al.  1971)  and  then  confirmed  with  MDPM  from  fowl 
meat  whose  EC  was  greater  after  centrifugation  to  remove  excess  fat  and 
heme  pigments  (Froning  and  Johnson  1973). 
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TABLE  10.  Effect  of  skin  content  prior  to  deboning  on  EC  of 
mechanically  deboned  meat 


Skin  content 

EC 

% 

ml  fat/2,5  g  meat 

ml  fat/mg  protein 

0 

182 

0,  50 

16,8 

148 

0,48 

28,9 

133 

0,  bl 

38,9 

127 

0,  50 

(From  Froning  et 

Emulsifying  Character i st i 

al.  1973,  table  2) 

cs  of  Other  Protein 

Sou  rces 

Because  of  the  projected  shortage  of  meat  proteins,  a  special 
emphasis  has  been  placed  on  the  properties  of  new  sources  of  proteins, 
particularly  on  their  functional  properties.  Numerous  researchers 
evaluated  the  emulsifying  properties  of  new  protein  sources  using  a 
variety  of  EC  techniques.  A  few  investigations  will  be  reported  here. 


P  rote i n  add i t i ves 

Protein  additives  are  of  particular  interest  as  substitutes  for 
meat.  Pearson  et  al.  (1965)  measured  the  EC  of  the  following  protein 
additives:  soy  sodium  proteinate,  potassium  caseinate  and  non  fat  dry 

milk  (NFDM).  The  solubility  of  these  proteins  was  closely  related  to 
the  values  of  EC.  The  pH  was  also  found  to  influence  the  EC,  probably 
in  an  indirect  manner  by  affecting  the  solubility  of  the  proteins. 
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Because  the  results  obtained  from  EC  determinations  were  not 
applicable  to  practical  conditions,  Inklaar  and  Fortuin  (1969)  developed 
a  different  model  system.  Their  system,  involving  cooking  and  centri¬ 
fugation,  gave  results  similar  to  those  found  in  actual  practice.  They 
reported  the  various  factors  affecting  the  emulsion  stability  of  protein 
meat  additives.  The  parameters  involved  included  dispersion  time, 
amount  of  oil,  protein  and  water,  temperature,  speed  of  mixing  and  pH 
of  the  system.  They  reported  the  factors  affecting  the  solubility  of 
the  myofibrillar  proteins  and  related  the  emulsification  test  to  the 
amount  of  soluble  proteins.  Using  the  same  method,  Lin  et  at.  (1975) 
studied  the  quality  of  wieners  supplemented  with  sunflower  and  soy 
protein  products. 

Another  type  of  model  system  was  developed  for  the  study  of  the 
emulsifying  properties  (emulsifying  activity  and  emulsion  stability)  of 
soy  protein  concentrates  (Yasumatsu  et  clL.  1972).  A  negative  correlation 
was  found  with  the  crude  protein  content  and  a  positive  correlation  with 
soluble  nitrogen.  This  confirmed  the  conclusions  of  Johnson  and 
Henrickson  (1970)  and  Inklaar  and  Fortuin  (1969)  who  also  found  that 
n i t  rogen  solubility  was  a  good  indicator  of  the  emulsifying  properties 
of  soy  proteins;  Smith  et  ccl.  (1973)  found  the  same  thing  using  a  wide 
variety  of  non  meat  protein  additives. 

Huffman  et  al.  (1975)  measured  the  EC  of  sunflower  proteins  using 
6%  suspensions  at  pH  values  ranging  from  5-7  to  10.8.  Different  rates 
of  mixing  as  well  as  different  rates  of  oil  addition  were  investigated. 
Optimum  EC  was  observed  at  pH  7  with  speed  k  500  rpm.  High  mixing 


speeds  lowered  the  EC. 
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The  emulsifying  properties  of  a  number  of  other  protein  additives 
were  determined.  The  effect  of  various  sources  and  levels  of  cottage 
cheese  whey  in  bologna  product  was  determined  using  EC  and  other  tests 
together  with  taste  panel  evaluation  of  the  finished  product;  spray- 
dried  commercial  whey  could  be  added  to  the  meat  mixture  at  a  level  of 
3,5%.  Quinn  and  Beuchat  (1975)  utilized  the  method  of  Carpenter  and  Saffle 
(1964)  to  study  the  changes  in  the  functional  properties  resulting  from 
fermentation  of  peanut  flour;  in  general,  fermentation  increased  EC 
and  nitrogen  solubility  of  the  peanut  flour.  Conditions  of  protein 
concentration,  pH,  salt  concentration,  mixing  speed  and  particle  size 
for  optimum  EC  were  determined  for  groundnut  protein  (Ramanatham  et  at. 
1978). 


Fi sh  protei ns 

Fish  proteins  could  also  be  important  to  solve  the  problem  of  meat 
protein  shortage.  Knowledge  of  their  functional  properties  is  essential 
before  fish  proteins  can  be  used  in  food  products;  their  EC  was  reported 
by  a  number  of  researchers.  Grabowska  and  Sikorski  (1974)  measured  the 
EC  of  the  codfish  proteins  and  found  that  the  myofibrillar  proteins  were 
far  superior  in  emulsifying  ability  than  the  other  muscle  proteins. 

Frozen  storage  decreased  the  EC  and  this  was  correlated  with  a  decrease 
i n  p  rote  in  solubility.  Mini  mum  emu Isification  occurred  at  pH  4.5.  The 
effect  of  storage  conditions  on  the  EC  of  hydrolyzed  fish  proteins  were 
studied  by  Koury  and  Spinel li  (1975)  who  reported  a  gradual  loss  which 
they  attributed  to  a  loss  in  protein  solubility.  They  showed  that 
several  low  molecular  weight  carbohydrates  significantly  reduced  EC. 

Again  with  fish  protein  isolates,  changes  in  organoleptic  quality  and 
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loss  of  solubility  coincided  with  a  decrease  in  EC  (Spinelli  et  al. 
1972a,  1972b).  A  limited  hydrolysis  of  the  samples  up  to  about  15 
minutes  increased  EC;  after  that  period  of  time  no  further  increase 
was  obta i ned  . 

Meat  by-products 


And  finally,  meat  by-products  should  also  be  taken  into  considera¬ 
tion.  Satterlee  et  al.  (1973)  measured  the  EC  of  high  protein  powders 
from  beef  and  pork  by-products.  They  reported  that  the  soluble  protein 
of  these  powders  was  responsible  for  their  ability  to  emulsify  fat. 
According  to  these  researchers,  powders  containing  the  greatest  amount 
of  soluble  protein  had  the  greatest  ability  to  emulsify  not  only  because 
they  contained  more  protein  but  also  because  the  proteins  were  more 
efficient.  The  reverse  was  reported  to  be  true  of  powders  containing 
small  amounts  of  proteins. 

Blood  proteins  from  slaughter  an i ma 1 s  a  re  another  potential  source 
of  protein.  These  proteins  were  found  to  be  good  emulsifiers.  Tybor 
et  al.  (1973)  showed  that  plasma  and  globin  isolates  were  excellent 
emulsifiers  under  optimum  conditions  of  pH  and  protein  concentration. 

The  maximum  capacity  occurred  at  a  protein  concentration  of  0,5  g/100 
ml.  The  blood  serum  proteins  exhibited  similar  values  of  EC 
irrespective  of  drying  conditions.  The  EC  of  the  bovine  globin  was 
compared  by  Crenwelge  et  al.  (197^0  to  that  of  other  proteins  under 
standardized  conditions.  The  three  other  proteins  under  study  were 
cottonseed  flour,  soybean  concentrate  and  non  fat  dry  milk  (NFDM) .  The 
globin  was  a  good  emulsifier  when  compared  to  NFDM  and  the  cottonseed 
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isolate.  At  low  pH  values,  a  relatively  high  EC  was  obtained  for  all 
proteins  but  the  cottonseed  isolate.  With  increasing  pH,  the  EC 
decreased  to  a  minimum  value  but  then  increased  again.  The  curves 
obtained  were  typical  of  the  protein  solubility  curves;  there  existed 
a  general  correlation  between  EC  and  solubility.  The  optimum  protein 
concentration  was  dependent  on  the  protein  source.  According  to  these 
researchers,  valid  comparisons  of  EC  values  could  be  made  if  the  blender 
speed,  protein  concentration,  rate  of  oil  addition  and  pH  for  maximum 
peptization  were  optimized  conditions  for  each  protein  sample. 

Those  are  only  a  few  examples  of  the  extensive  use  of  EC  to  measure 
the  emulsifying  properties  of  different  sources  of  protein. 

Classification  of  Meats  as  Binders 


Classification  accord i nc  to  sausage  makers 

Sausage  making  is  a  way  to  utilize  the  trimmings  obtained  from 
cutting  down  the  carcass  as  well  as  the  boneless  primal  cuts.  The 
latter  group  contains  a  greater  proportion  of  myosin,  one  of  the 
fibrillar  protein  which  has  the  highest  binding  properties  and  there¬ 
fore  helps  to  stabilize  the  emulsion.  Based  on  the  experience  of 
sausage  makers  the  various  sausage  meats  have  been  classified  into 
good,  medium  and  poor  binders.  Trimmings  from  lean  cuts  of  beef,  bull 
meat  and  meat  from  primal  cuts  such  as  chuck,  plates  and  flanks  are 
considered  as  good  binders.  Under  the  class  of  meat  with  medium  binding 
properties  come  cheek  meat,  head  meat  and  lean  pork  trimmings. 
Ingredients  like  hearts,  weasand  meat,  giblets  and  tongue  trimmings 
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have  poor  binding  qualities  whereas  fillers  like  gland  meats,  brain, 

1 ungs ,  ox  lip  and  tripe  have  al mos  t  no  binding  quality  at  all  (Baliga 
and  Mada i ah  1 970) . 

Classification  based  on  EC  measurements 

Several  researchers  have  compared  the  EC  of  various  meat 
trimmings  (Borton  et  al.  1968;  Carpenter  and  Saffle  1964;  Gillett  et 
al.  1977;  Satterlee  et  al.  1973).  As  mentioned  earlier,  it  is  very 
difficult  to  compare  data  from  different  studies.  However,  this  has 
been  done  by  Acton  and  Saffle  (1972);  the  values  used  by  these  resear¬ 
chers  to  which  other  values  have  been  added  are  presented  in  table  11. 
The  difficultyof  comparing  data  is  well  illustrated  in  the  following 
table. 


Comparison  between  skeletal  and  cardiac  muscles 

The  cardiac  muscle  was  not  found  to  be  as  good  an  emulsifying 
agent  as  the  skeletal  muscle.  These  observations  made  under  practical 
conditions  were  subs tant i ated  by  EC  measurements.  However,  while  some 
workers  found  beef  hearts  to  be  very  poor  emulsifiers,  others  reported 
the  EC  of  cardiac  muscle  to  be  higher  than  expected  (table  11). 

Statement  of  the  Problem 

The  objective  of  this  research  was  to  elucidate  the  reasons  for 
the  reported  lower  binding  quality  of  the  cardiac  muscle  as  compared  to 
the  skeletal  muscle  in  manufacture  of  meat  emulsion  products.  Since  the 
amount  of  soluble  protein  is  an  important  factor  in  emulsification,  are 
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the  stroma  proteins  contained  in  the  cardiac  muscle  responsible  for  its 
lower  quality  ?  Is  there  any  way  to  improve  the  emulsifying  properties 
of  the  cardiac  muscle  ?  For  example,  would  a  controlled  enzymatic 
proteolysis  improve  its  emulsifying  characteristics  ?  These  are  the 
main  questions  for  which  answers  were  sought  through  experimentation. 

EC  was  used  as  the  principal  investigating  tool  because,  based  on  the 
measurement  of  EC,  the  various  sausage  meats  had  already  been  assigned 
binding  numbers  ranking  them  for  use  in  linear  programming  of  sausage 
formu 1  at  ions .  However,  discrepancies  arose  when  results  from  the  model 
systems  we  used  were  compared  to  both  those  from  the  literature  and  from 
actual  meat  production.  Another  problem  was  the  lack  of  reproducibility 
of  the  results. 

Because  of  the  problems  encountered  with  EC  as  measured  in  our 
laboratory,  the  following  question  had  to  be  asked:  How  should  EC  be 
measured  in  the  laboratory  ?  This  is  actually  the  question  I  have  been 
trying  to  answer. 
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MATERIALS  AND  METHODS 


Three  methods  were  used  to  measure  EC.  Slight  variations  in 
other  preparations  are  mentioned  throughout  the  Materials  and  Methods 
section  for  each  EC  method. 

Preparation  of  Meat  Slurries 

The  meat  was  purchased  at  a  local  market.  Skeletal  muscle 
consisted  of  boneless  bottom  round  steak  which  had  been  shipped  to  the 
retailer  as  vacuum  packaged  sub  primal  cuts,  and  then  reduced  to  retail 
display  size.  The  age  of  the  samples  is  unknown  but  they  are  not  likely 
more  than  two  weeks  old.  Cardiac  muscle  consisted  of  beef  heart  which 
had  been  previously  frozen  and  then  thawed. 

Method  I 

In  order  to  obtain  a  representative  sample,  large  samples  of  meat 
were  used.  For  skeletal  muscle,  between  100  and  150  g  of  boneless  bottom 
round  steak  were  used;  for  cardiac  muscle,  a  whole  thawed  beef  heart  went 
into  the  preparation  of  the  slurry.  In  both  cases,  the  meat  was  minced 
in  a  Moulinette  food  chopper  (Moulinex)  after  which  the  appropriate 
volume  of  0,6  M  NaCl  solution  was  added  to  attain  a  muscle  to  slurry 
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ratio  of  1:5*  The  skeletal  muscle  was  blended  in  a  Waring  Blendor  at 
full  speed  for  2  minutes,  while  the  cardiac  muscle  was  blended  in  a  King 
Size  Waring  Blendor  at  low  speed  for  the  same  period  of  time.  Further 
dilutions  were  made  with  0,6  M  NaCl  solution.  All  steps  were  carried  out 
at  2°C . 


Method  I  I 

The  methods  of  Swift  et  at.  (1961),  Borton  et  at.  (1968)  and  Webb 
et  at.  (1970)  were  used  for  the  preparation  of  meat  slurries.  The  method 
of  Borton  et  at.  ( 1 968 )  was  finally  adopted.  It  consisted  of  blending 
25  g  of  ground  meat  with  100  ml  of  cold  1,0  M  NaCl  solution  in  a  Waring 
Blendor  for  2  minutes.  To  6,25  g  of  the  slurry  were  added  37,5  ml  of  cold 
1,0  M  NaCl  solution.  This  diluted  slurry  was  used  to  measure  the  EC. 

Method  I  I  I 

The  meat  used  in  the  preparation  of  the  meat  slurries  was  treated 
exactly  as  if  it  was  to  be  used  for  myofibril  extraction.  The  meat  was 
trimmed  free  of  visible  fat,  chopped  into  small  pieces  and  minced  in  the 
Moulinette  food  chopper  approximately  100  g  at  a  time  for  three  periods 
of  5  seconds.  When  necessary,  this  step  was  repeated  and  the  two  portions 
were  mixed  together.  Fifty  grams  of  minced  meat  were  weighed  out  and  mixed 
in  a  Waring  Blendor  together  with  200  ml  of  1 ,0  M  NaCl  for  three  bursts  of 
15  seconds  with  45  seconds  between  each  burst.  The  slurry  was  then  diluted 
with  more  saline  solution  to  a  given  protein  concentration,  usually  0,02  g 
protein/g  slurry  from  which  solution  other  more  diluted  solutions  were 
prepared.  All  steps  were  performed  at  2°C. 
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Preparation  of  Protein  Solutions 

Buttermilk  solutions  were  prepared  by  weighing  Northern  Alberta 
Dairy  Pool  buttermilk  powder  and  adding  the  appropriate  volume  of  water 
or  NaCl  solution  to  obtain  the  desired  protein  concentration.  Diluted 
solutions  were  prepared  from  the  concentrated  stock  solution  by  adding 
more  water  or  saline  solution. 

Bovine  Serum  Albumin  (BSA)  (fraction  V  ,  from  Sigma  Chemical 
Company)  was  used  as  standard  protein.  A  2%  solution  was  prepared  in 
1,0  M  NaCl  and  used  as  a  stock  solution;  a  0,02%  solution  was  used  in 
most  experiments. 

Extraction  of  Meat  Proteins 

Sarcoplasmic  proteins 

The  sarcoplasmic  proteins  were  extracted  according  to  the 
procedure  of  Gol 1  and  Robson  (1967)  as  reported  by  Hay  et  at.  (1973) 
using  a  tris  buffered  0,25  M  sucrose  extracting  solution. 

Myofibrillar  proteins 

WdXkod  1 

The  buffer  used  to  extract  the  myofibrillar  proteins  was  composed 
of:  0,6  M  KC1,  0,1  M  Na  pyrophosphate,  0,04  M  NaHC03,  0,01  M  Na2C03,  at 

pH  9.2.  Proteins  were  extracted  from  the  pellet  resulting  from  the 
extraction  of  the  sarcoplasmic  proteins  with  2i  volumes  of  the  KC 1  buffer 
for  1  hour  at  2°C  under  slow  paddling  conditions.  The  extract  was  then 
centrifuged  at  2  500  g  for  10  minutes.  The  supernatant  contained  the 

myof i br i 1 s . 
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M&thocU*  II  and  111 

Myofibrillar  proteins  were  extracted  according  to  the  procedure 
of  Gol 1  and  Robson  (1967)  as  reported  by  Hay  et  at.  (1973) . 

Connective  tissue  proteins 

The  extraction  procedure  is  based  on  the  fact  that  connective 
tissue  proteins  are  insoluble  in  an  alkaline  solution.  To  a  centrifuge 
bottle  were  added  20  g  of  a  1:1  meat  slurry  prepared  with  water  together 
with  100  ml  of  a  0,1  N  NaOH  solution.  The  contents  were  stirred 
occasionally  with  a  glass  rod  during  incubation  at  37°C  in  a  water 
bath  for  j  hour.  The  mixture  was  then  centrifuged  and  the  supernatant 
discarded.  The  incubation  and  centrifugation  steps  were  repeated 
twice. 

pH  Adjustment 

The  pH  of  the  various  protein  suspensions,  meat  slurries  and 
extracts  was  adjusted  approximately  to  the  desired  pH  with  dilute  NaOH 
or  HC1  solutions  using  the  Fisher  Accumet  pH  meter  equipped  with  a 
glass  electrode.  The  solutions  were  kept  in  the  cold  room  to  let  them 
stabilize  usually  for  one  or  two  hours;  the  pH  was  then  checked  and 
fine  adjustment  made. 

Protein  Determination 


The  amount  of  protein  contained  in  the  various  protein  suspensions, 
meat  slurries  and  extracts  was  determined  using  the  Biuret  reagent. 


1  \ 


*  < 


50 


When  the  protein  content  of  meat  slurries  was  to  be  determined,  a 
modification  of  the  procedure  of  Torten  and  Whitaker  (1964)  was  used. 

The  method  had  to  be  modified  in  order  for  the  slurry  to  be  used  instead 
of  the  meat  itself.  Five  ml  of  slurry  (1:5)  were  estimated  to  be 
equivalent  to  1  g  of  meat.  In  order  to  keep  both  the  concentration 
and  the  volume  constant,  16  ml  of  0,625  ml  M  NaOH  were  added  to  5  ml  of 
slurry.  The  rest  of  the  procedure  remained  unchanged. 

In  other  cases,  the  protein  content  was  determined  according  to 
a  standard  curve  for  BSA  under  the  same  conditions  as  the  protein 
under  study. 

Proteol ys i s 

Papain  (Adolph's  Meat  Tenderizer)  was  used  to  study  the  effect  of 
proteolysis.  It  was  added  to  pH  6.0  meat  slurries  at  different  levels 
for  each  experiment  so  details  will  be  given  for  each  one  of  them. 

Unless  otherwise  stated,  the  treated  samples  were  kept  in  the  cold  room 
after  good  mixing  of  the  enzyme  powder  in  the  solution.  The  EC  of  the 
treated  slurries  was  determined  after  different  periods  of  time. 

Prebl end  ?  ng 

Slurries  were  kept  at  2°C  for  a  prolonged  period  of  time  to 
extract  the  salt_soluble  proteins.  Unless  otherwise  stated,  the  EC  of 
these  slurries  was  measured  after  24  hours. 

V i scos i ty 

The  viscosity  of  the  meat  slurries  was  measured  with  the  slurries 
at  2°C  using  a  Brookfield  Synchro-Lectr i c  viscometer  (Brookfield 
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Engineering  Laboratories,  Stoughton,  Massachusetts)  and  appropriate 
spindles. 
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Preparation  of  a  Tr ? pol yphosphate  Solution 

A  tr i po 1 yphospha te  solution  was  prepared  by  weighing  sodium 
tri pol yphosphate  and  adding  the  appropriate  volume  of  1 ,0  M  NaCl 
solution  to  obtain  the  desired  concentration.  Dilutions  were  made  by 
adding  more  saline  solution. 

Measurement  of  EC 


Three  different  sets  of  apparatus  were  used  to  measure  the  EC. 
They  will  be  referred  to  as: 

Method  I:  Waring  Blendor 

Method  II:  Lightnin  sti rrer  Model  F  equipped  with  3  three- 
b 1 aded  propel  1 ers 

Method  III:  Fisher  Stedi  Speed  stirrer. 

All  three  methods  are  actually  modifications  of  the  original  system  of 
Swift  et  at,  (1961)  involving  addition  of  fat  to  dilute  protein 
suspensions,  meat  slurries  and  extracts. 


Method  I 


Two  copper  electrodes  (stranded  wire  No.  8)  were  attached  to  the 
inside  of  a  Waring  Blendor  jar.  Two  holes  were  drilled  through  the 
1 i d  to  let  the  electrodes  come  out  for  measurement.  Another  hole  was 
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made  in  the  lid  to  allow  the  addition  of  Mazola  corn  oil  via  a  piece  of 
Tygon  tubing.  The  Waring  Blendor  was  connected  to  a  variable  auto- 
transformer  (Stagg  Inc.,  Dayton,  Ontario).  The  oil  was  added  using 
a  Buchler  Polystaltic  pump  operated  at  full  speed  via  a  piece  of  Tygon 
tubing  with  the  following  characteristics  (plate  1):  I.D.  1/16", 

O.D.  1/8",  wall  1/32".  The  Waring  Blendor  was  operated  at  a  variable 
transformer  setting  of  30  on  the  120V  scale.  Three  grams  of  accurately 
weighed  pH  6.0  slurry  usually  containing  0,02  g  protein/g  slurry  were 
added  together  with  k~J  ml  of  0,6  M  NaCl  solution  to  the  Waring  Blendor 
jar.  The  slurry  was  blended  for  30  seconds  and  then  50  ml  of  corn 
oil  were  added.  The  contents  of  the  jar  were  blended  for  another  30 
seconds  period  after  which  more  oil  was  added  until  the  emulsion 
collapsed.  The  emulsion  breakdown  was  indicated  by  a  change  in  resistance 
of  the  emulsion  measured  by  an  Avometer  8  ohmmeter.  The  entire 
experiment  was  performed  in  the  cold  room  at  2°C  and  samples,  oil 
and  equipment  were  equilibrated  to  that  temperature  before  use. 


Method  I  I 

Two  copper  electrodes  (non  stranded  wire  No.  12)  were  fitted  into 
a  600  ml  beaker.  A  Lightnin  stirrer  Model  F  was  used  to  form  the 
emulsion.  At  first,  the  stirrer  was  equipped  with  one  three-bladed 
propeller  but  to  solve  the  mixing  problems  encountered,  three  of  these 
propellers  had  to  be  stacked  on  the  same  shaft;  this  allowed  good 
mixing  when  large  amounts  of  Sunberta  rapeseed  oil  were  added.  The 
speed  of  mixing  was  determined  using  an  Adams  Photoelectric  tachometer 
and  the  oil  was  delivered  by  a  Buchler  Polystaltic  pump  as  close  to 
the  propellers  as  possible  via  a  piece  of  Tygon  tubing.  The  emulsion 
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Plate  1:  Experimental  set  up  (Method  I) 
A:  oil  supply 

B:  pump 

C:  Waring  Blendor 

D:  ohmmeter 

E:  variable  autotransformer 
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breakdown  end-point  was  revealed  by  a  sudden  increase  in  resistance 
indicated  by  the  Avometer  8  ohmmeter  (plate  2).  The  experiment  was 
performed  at  room  temperature. 

Under  standard  conditions,  20  ml  of  pH  6.0  slurry  were  weighed 
into  a  600  ml  beaker.  After  a  few  seconds  of  mixing  at  a  rate  of 
1  200  rpm,  the  addition  of  rapeseed  oil  was  started  at  a  rate  of 
20  ml/min  until  the  emulsion  broke. 

Method  I  I  I 

The  experimental  set  up  is  the  same  in  the  preceding  method 
except  for  the  mixer  and  the  propeller.  A  Fisher  Stedi  Speed  stirrer 
was  used  to  form  the  emulsion  equipped  with  a  four-bladed  propeller. 
The  speed  of  the  mixer  was  set  at  800  rpm  using  the  control  unit 
provided  (plate  3).  The  rest  of  the  procedure  was  exactly  the  same 


as  for  Method  I  I . 


* 


55 
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Plate  2:  Experimental  set  up  (Method  II) 
A:  oil  supply 
B:  pump 

C:  Lightnin  stirrer 

D:  ohmmeter 
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Plate  3:  Experimental  set  up  (Method  II!) 

A :  oil  supply 

B:  pump 

C:  Stedi  Speed  stirrer  (motor) 

D:  Stedi  Speed  stirrer  (control  unit) 
E:  ohmmeter 
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RESULTS  AND  DISCUSSION 


Method  I 


Preliminary  experiments 


Preliminary  exper i ments, not  reported  here,  in  which  the  EC  was 
measured  at  a  protein  level  of  0,02  g/g  slurry,  revealed  no  difference 
in  EC  between  skeletal  and  cardiac  muscles;  as  well,  no  increase  in 
EC  was  found  for  skeletal  muscle  with  time  of  extraction  in  0,6  M  NaCl 
solution  (2°C)  up  to  24  hours.  It  was  reported  by  Carpenter  and  Saffle 
(1964)  that  the  EC  of  the  cardiac  muscle  was  lower  than  that  of  the 
skeletal  muscle  (table  11,  from  Acton  and  Saffle  1972).  Borton  et  at. 

(1968)  stated  that  preblending  of  the  meat  with  the  salt  greatly 
enhanced  its  EC.  Therefore,  the  method  had  to  be  evaluated  to  ensure 
that  it  was  capable  of  detecting  differences  in  EC. 

Comparison  of  different  kinds  of  proteins 

In  order  to  evaluate  the  method,  the  EC  of  different  kinds  of 
proteins  was  determined.  The  results  of  these  experiments  are  presented 
in  table  12.  Because  of  a  different  protein  concentration,  the  EC  of  butter- 
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milk  powder  was  much  higher  than  that  of  the  other  protein  slurries. 
However,  it  must  be  noted  that  the  amount  of  oil  emulsified  was  similar 
in  each  titration  being  around  9,6  g  oil/g  slurry.  This  cast  doubt 
on  the  validity  of  the  method. 

Effect  of  enzymatic  digestion 

Effect  on  a  AkeZeXaZ  muAcZz  t>luLhJiy 

To  further  check  the  method,  the  effect  of  enzymatic  digestion 
was  explored.  It  was  reported  by  Du  Bois  et  at.  (1972)  that  the  EC  of 
bovine  skeletal  muscle  was  affected  by  proteolysis;  during  the  first 
two  hours  of  proteolysis,  the  EC  decreased  after  which  it  increased 
and  then  subsequently  decreased,  leveling  after  8  hours.  In  all  cases, 
however,  the  values  of  EC  were  within  a  range  from  50  to  56  ml  oil/200 
mg  protein.  Our  results  are  reported  in  table  13-  Results  showed  a 
steady  decrease  in  EC  during  the  first  four  hours  of  proteolysis  which 
was  a  good  indicator  that  the  method  was  sufficiently  sensitive  to 
detect  changes  in  EC. 


TABLE  13.  Effect  of  enzymatic  digestion  on  EC  of  skeletal  muscle 
by  Method  I  1 


Ti  me 

0 i 1 /s 1 ur  ry 

EC 

hours 

g/g 

g  oil/g  protein 

0 

9,55 

477 

1 

9,3^ 

467 

2 

9,02 

451 

4 

8,27 

413 

1  0 ,02%  enzyme  on  a  slurry  basis  (0,02  g  protein/g  slurry) 
pH  6.0,  room  temperature,  under  agitation 
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CompaAlton  bative.e.n  tkeZeAal  and  caAcUaa  mutate.  tluOAiet 

The  effect  of  enzymatic  digestion  was  then  further  investigated 
in  order  to  compare  the  behaviour  of  skeletal  and  cardiac  muscles  under 
similar  conditions.  The  results  are  presented  in  table  14  for  skeletal 
muscle  and  table  15  for  cardiac  muscle.  No  effect  of  the  enzyme  on  the 
EC  of  the  muscle  slurries  was  found  in  either  case,  values  of  EC 
exhibiting  large  variations  but  no  trend.  It  must  be  noted  however 
that  the  EC  of  the  cardiac  muscle  slurry  was  generally  higher  than 
that  of  the  skeletal  muscle  slurry. 

Effect  of  protein  concentration  on  EC 

Whereas  the  EC  expressed  as  volume  of  oil  per  unit  of  protein  was 
shown  to  decrease  as  the  protein  concentration  was  increased,  the 
amount  of  oil  emulsified  increased  with  protein  concentration  (Acton 
and  Saffle  1972;  Gillett  et  at.  1977)-  This  relationship  between  EC 
and  protein  concentration  was  true  for  many  different  systems;  there¬ 
fore,  the  effect  of  protein  concentration  was  investigated  under  the 
conditions  of  the  present  study.  A  similar  trend  was  observed  between 
EC  and  protein  concentration  for  buttermilk  powder,  skeletal  and  cardiac 
muscle  slurries.  The  results  are  presented  in  the  next  sections. 

Butte/mAtk  powdeA 

The  effect  of  protein  concentration  on  the  EC  of  a  buttermilk  powder 
solution  is  presented  in  table  16.  Curves  obtained  from  these  results  show 
the  characteristic  negative  curvilinear  relationship  between  EC  and  protein 
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TABLE  14.  Effect  of  enzymatic  digestion  on  EC  of  skeletal  muscle 
by  Method  I  1 


Time 

0 i 1 /s 1 urry 

EC 

hou  rs 

g/g 

g  0 i 1 /g  p  rote i n 

2 

10,77 

291 

6 

9,70 

262 

24 

13,04 

352 

30 

10,69 

289 

53 

9,22 

249 

1  0,2%  enzyme  on  a  slurry  basis  (0,037  g  protein/g  slurry) 
pH  6.0,  2°C,  without  agitation 


TABLE  15-  Effect  of  enzymatic  digestion  on  EC  of  cardiac  muscle 
by  Method  I  1 


T  i  me 

0i 1 /si urry 

EC 

hours 

g/g 

g/g  protein 

5 

12,28 

315 

18 

12,80 

328 

22 

12,15 

312 

43 

15,17 

389 

43 

15,46 

396 

66 

14,17 

363 

1  0,2%  enzyme  on  a  slurry  basis  (0,039  g  protein/g  slurry) 
pH  6.0,  2°C,  without  agitation 


con cen tration  and  a  positi ve  linear  relationship  when  the  amou n t  of  oil 
emulsified  is  considered  (figure  13).  The  value  of  EC  for  the  buttermilk  is 
d i f  f e  ren  t  f  rom  the  one  ob  ta i ne d  i n  the  f i rs  t  expe  r i me n  t  comp a  ring  the 
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TABLE  16.  Effect  of  protein  concentration  on  EC  by 
Method  I  (buttermilk  powder) 


Protei n 
concentration 

Oi 1 /sol ut ion 

EC 

g/g  solution 

g/g 

g  oil/g  p rote i n 

0,02 

5,81 

291 

0,04 

6,99 

175 

0,08 

7,50 

94 

0,1 

8,08 

81 

EC  of  different  kinds  of  proteins.  This  discrepancy  can  be  attributed 
in  part  to  the  fact  that  different  protein  levels  are  being  compared, 
since  EC  rises  sharply  at  low  protein  concentrations.  But  the 
difference  in  protein  levels  cannot  account  for  the  large  difference 
in  EC  leaving  doubt  on  the  reliability  of  the  method. 

SkeZeXaZ  and  ca/iciiac  maicXe  blow 

Values  of  EC  obtained  for  skeletal  muscle  slurries  of  different 
protein  concentration  at  two  different  times  of  extraction  in  0,6  M 
saline  solution  are  presented  in  table  17*  Results  of  a  comparable 
study  using  cardiac  muscle  slurries  are  presented  in  table  1 8.  In 
either  case,  EC  decreased  cu rvi 1 i nea r 1 y  as  protein  concentration  was 
increased  (figures  14,  16).  Most  important,  as  can  be  seen  from 
figures  14  and  16,  there  is  still  no  difference  between  the  EC  of  ske¬ 
letal  and  cardiac  muscle  slurries  either  before  or  after  preblending. 
When  the  amount  of  oil  expressed  as  g  oil/g  slurry  is  considered,  a 
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0,02  0,06  0,1 

PROTEIN  CONCENTRATION  (g/g  solution) 

Figure  13:  Effect  of  protein  concentration  on  EC  and  the  amount  of 
oil  emulsified  for  a  buttermilk  powder  solution  by 
Method  I 


EC  (g  oil/g  protein  x  10*^)  -O- 
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TABLE  17. 

Effect  of  protein  concentration 
letal  muscle) 

on  EC  by 

Method  1  (ske- 

P  rote i n 

Before 

preb 1  end i ng 

After 

preblend i ng 

concentrati on 

oi 1 /s 1 ur ry 

EC 

oi  1 /s 1 ur ry 

EC 

g/g  slurry 

g/g 

g  o i 1 / g  protei n 

g/g 

g  oi 1 /g  prote i n 

0,005 

5,97 

1  194 

6,63 

1  326 

0,01 

7,63 

763 

7,86 

786 

0,02 

8,97 

449 

9,33 

467 

0,03 

10,95 

365 

10,99 

366 

0,04 

11,87 

297 

10,70 

268 

0,06 

12,85 

214 

13,64 

227 

TABLE  18. 

Effect  of  protein  concentration 
diac  muscle) 

on  EC  by 

Method  1  (car- 

P  rote i n 

Before 

p  reb 1  end i ng 

After 

prebl end i ng 

concentrati on 

oi  1  /s 1 ur ry 

EC  oi 

1 / s  1  u  r  ry 

EC 

g/g  slurry 

g/g 

g  o i 1 /g  protein 

g/g 

g  oi 1 /g  prote i n 

0,004 

5,19 

1  297 

6,37 

1  593 

0,008 

5,97 

746 

6,90 

863 

0,015 

7,06 

471 

7,89 

526 

0,03 

8,68 

289 

1 1 ,06 

369 

0,04 

12,95 

324 

15,87 

397 

positive  relationship,  sometimes  linear,  is  obtained  with  respect  to 
protein  concentration,  again  showing  no  difference  between  skeletal  and 
cardiac  muscle  slurries  before  or  after  preblending  (figures  15,  17)-  These 
re  s  u 1 ts  we  re  con  f i rmed  by  another  similar  experi men  t .  The  results  of 
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PROTEIN  CONCENTRATION  (g/g  slurry) 

Figure  14:  Effect  of  protein  concentration  on  EC  of  skeletal  and  cardiac 
muscle  slurries  before  preblending  by  Method  I 
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0,02  0,04  0,06 

PROTEIN  CONCENTRATION  (g/g  slurry) 


Figure  15:  Effect  of  protein  concentration  on  the  amount  of  oil 

emulsified  by  skeletal  and  cardiac  muscle  slurries  before 
preblending  by  Method  I 
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PROTEIN  CONCENTRATION  (g/g  slurry) 


Figure  1 6 :  Effect  of  protein  concentration  on  EC  of  skeletal  and  cardiac 
muscle  slurries  after  preblending  by  Method  I 
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PROTEIN  CONCENTRATION  (g/g  slurry) 

Figure  17:  Effect  of  protein  concentration  on  the  amount  of  oil 

emulsified  by  skeletal  and  cardiac  muscle  slurries  after 
preblending  by  Method  I 
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this  second  experiment  are  presented  in  tables  19  and  20  for  skeletal 
and  cardiac  muscle  slurries,  respecti vel y,  and  figures  18  and  20  for  the 
effect  of  protein  concentration  on  EC  and  figures  19  and  21  for  the 
effect  of  protein  concentration  on  the  amount  of  oil  emulsified. 


TABLE  19-  Effect  of  protein  concentration  on  EC  by  Method  I  (ske¬ 
letal  muscle) 


P rote i  n 

Before  preblending 

After 

prebl end i ng 

concentrat i on 

oi  1 /si ur ry 

EC 

oi 1 /si urry 

EC 

g/g  slurry 

g/g 

g  o i 1 / g  protei n 

g/g 

g  o i 1 / g  protei n 

0,01 1 

6,72 

61  1 

7,33 

666 

0,016 

7,55 

472 

7,71 

482 

0,021 

7,91 

377 

8,31 

396 

0,031 

8,63 

278 

9,49 

306 

0,037 

9,78 

264 

10,03 

271 

0,041 

9,70 

237 

11,65 

284 

0,061 

20,31 

333 

11,97 

196 

TABLE  20. 

Effect  of  protein 
diac  muscle) 

concen  t  rat i on 

on  EC  by 

Method  1  (car- 

Protei  n 

Before  preblending 

After 

prebl end i ng 

concentrat ion 

oi 1 /si urry 

EC  oi 

1 /s 1 urry 

EC 

g/g  slurry 

g/g  g  o' 

1/g  protein 

g/g 

g  0 i 1 / g  protei n 

0,009 

6,96 

773 

6,78 

753 

0,014 

7,39 

528 

7,17 

512 

0,018 

7,73 

429 

7,63 

424 

0,027 

8,86 

328 

9,30 

344 

0,035 

1  1  ,32 

290 

12,66 

325 

0,039 

10,78 

308 

10,99 

314 

0,052 

15,56 

299 

14,32 

275 
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PROTEIN  CONCENTRATION  (g/g  slurry) 

Figure  18:  Effect  of  protein  concentration  on  the  EC  of  skeletal  and 
cardiac  muscle  slurries  before  preblending  by  Method  I 
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Figure  19:  Effect  of  protein  concentration  on  the  amount  of  oil 

emulsified  by  skeletal  and  cardiac  muscle  slurries  before 
preblending  by  Method  I 
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PROTEIN  CONCENTRATION  (g/g  slurry) 

20:  Effect  of  protein  concentration  on  the  amount  of  oil 

emulsified  by  skeletal  and  cardiac  muscle  slurries  after 
preblending  by  Method  I 
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Figure  21:  Effect  of  protein  concentration  on  the  amount  of  oil 

emulsified  by  skeletal  and  cardiac  muscle  slurries  after 
preblending  by  Method  I 
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Since  it  has  long  been  recognized  that  the  myofibrillar  or  salt- 
soluble  proteins  are  the  principal  emulsifying  agent  in  meat,  the  EC 
of  the  different  protein  fractions  was  determined  for  both  skeletal 
and  cardiac  muscles.  The  EC  of  sarcoplasmic  or  water-soluble  proteins 
and  that  of  salt-soluble  proteins  was  determined;  however,  the  EC  of 
the  connective  tissue  proteins  could  not  be  measured  because  these 
proteins  were  insoluble  under  test  conditions.  The  results  for 
skeletal  muscle  protein  fractions  are  presented  in  table  21  and  values 
for  cardiac  muscle  protein  fractions  are  presented  in  table  22.  Protein 
fractions  from  cardiac  muscle  are  slightly  more  efficient  at  the  same 
protein  level  and  the  myofibrillar  proteins  are  superior  to  the 
sarcoplasmic  proteins.  Swift  et  al.  (1961)  reported  that  the  efficiency 
of  the  salt-soluble  proteins  varied  with  their  concentration  whereas 
that  of  the  water-soluble  proteins  was  not  affected.  On  the  other 
hand,  Tsai  et  al.  (1972)  found  the  EC  of  both  protein  fractions  to  vary 
with  protein  concentration  (figure  1,  from  Tsai  et  al.  1972).  Although 
more  data  would  be  required,  the  results  presented  in  tables  21  and  22 
indicate  a  stronger  influence  of  protein  concentration  in  the  case  of 
the  myofibrillar  proteins. 

Effect  of  preblending 

Borton  et  al.  (1963)  reported  that  chopping  meat  and  salt  together 
and  allowing  time  for  extraction  of  the  salt-soluble  proteins  (preblending) 
greatly  enhanced  the  EC  of  the  meat.  The  effect  of  preblending  was 
presented  in  a  previous  section  on  the  effect  of  protein  concentration 
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TABLE  21.  EC  of  skeletal  muscle  protein  fractions 
by  Method  I 


Protein 

Sarcoplasmic  proteins 

Myof i br i 1 1 ar 

prote i ns 

concent  rat  ion 

oi 1 /si ur ry  EC 

o i 1 /s 1 ur ry 

EC 

g/g  slurry  ( X 1 0 3 ) 

g/g  g  o i 1 /g  p rote i n 

g/g  g  oi 

1/g  protein 

13,0 

— 

7,78 

598 

12,7 

6,67  494 

-- 

— 

5,7 

5,53  970 

-- 

— 

4,9 

— 

9,44 

1  942 

TABLE  22. 

EC  of  cardiac  muscle  protein  fractions 
by  Method  1 

P  rote  i  n 

Sa  rcop 1 asmi c 

prote i ns 

Myof i b  r i  1  1  a  r 

p  rote i ns 

concentration 

O  1 

1 /s 1 ur ry 

EC 

oi 1 /s 1 urry 

EC 

g/g  slurry  ( X 1 0 3 ) 

g/g  g  oi 

1/g  protein 

g/g  g  oi 

1/g  prote i n 

14,4 

5,45 

517 

-- 

— 

13,0 

7,72 

59A 

9,63 

741 

9,6 

— 

— 

18,30 

1  906 

7,2 

5,90 

819 

9, 'to 

1  306 

4,8 

— 

— 

8,14 

1  696 

3,6 

— 

— 

5,63 

1  564 

where  it  was  concluded  that  the  EC  of  skeletal  and  cardiac  muscle  slurries 
was  similar  before  and  after  preblending.  From  tables  17  and  19  presenting 
data  for  skeletal  muscle  slurries,  it  can  be  seen  that  only  a  small 
increase  in  EC  was  observed  after  preblending.  The  situation  was  the 
same  for  cardiac  muscle  slurries  as  reported  in  tables  18  and  20. 
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Effect  of  pH 

The  capacity  of  a  protein  to  form  a  film  is  greatest  at  its 
isoelectric  point  because  the  number  of  salt  bridges  and  hydrogen 
bonds  is  maximum  at  that  particular  pH  (Schut  1976).  The  effect  of  pH 
was  investigated  using  skeletal  and  cardiac  muscle  slurries.  The 
results  are  presented  in  table  23-  No  influence  of  pH  was  found  for 
the  skeletal  muscle  slurry  whereas  the  cardiac  muscle  slurry  there  was  a 
trend  towards  steady  increase  of  both  the  EC  and  the  amount  of  oil 
emulsified  with  increasing  pH. 


TABLE  23.  Effect  of  pH  on  the  EC  of  skeletal  and  cardiac  muscle 
slurries  by  Method  I 


Ske 1  eta  1 

muscle  1 

Card i ac 

muscle  2 

pH 

oi 1 /s 1 urry 

EC 

oi  1/sl urry 

EC 

g/g 

g  oi 1 /g  prote i n 

g/g 

g  oi 1 /g  prote i n 

5.0 

1  1  ,73 

317 

9,67 

248 

5.5 

10,09 

273 

10,79 

277 

6 . 0 

1 1  ,66 

315 

11,29 

259 

6.5 

12,68 

3^3 

1 1  ,42 

293 

7.0 

1 1 ,56 

312 

12,23 

314 

1  Protein  level:  0,037  g/g 
Protein  level:  0,039  g/g 
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Problems  associated  with  Method  I 

Using  the  Waring  Blendor  technique,  many  problems  associated 
with  the  determination  of  the  end-point  were  encountered.  The  method 
of  Marshall  et  al.  (1975)  using  the  increased  visibility  of  coloured 
oil  droplets  to  determine  the  end-point  revealed  no  change  in  the 
appearance  of  the  emulsion  during  the  titration,  when  observed  through 
the  sides  of  the  Waring  Blendor  jar.  This  phenomenon  was  probably 
caused  by  the  high  speed  cutting-mixing  action  of  the  blades.  On  the 
other  hand,  at  lower  speeds  of  mixing,  emulsions  stopped  the  action  of 
the  blades.  Therefore,  the  end-point  was  determined  by  measuring  the 
electrical  resistance  with  an  ohmmeter. 

In  my  early  attempts  to  measure  the  EC  of  meat  proteins  using 
the  Waring  Blendor  method,  a  large  number  of  trials  were  carried  out 
unsuccessfully  because  it  was  impossible  to  determine  the  oil  titration 
end-point  using  the  ohmmeter.  Subsequently,  more  reliable  responses 
were  obtained  and  experiments  could  be  started  and  finished.  However, 
every  now  and  again,  the  system  for  determining  the  end-point  failed 
for  no  obvious  reason.  Even  when  the  response  was  considered  to  be 
good,  it  never  was  as  good  as  the  response  obtained  by  Webb  et  al. 

(1970).  These  researchers  observed  a  very  sharp  increase  in  the 
electrical  resistance  going  from  a  few  ohms  to  infinity.  In  our  labora¬ 
tory,  using  the  Waring  Blendor  method,  the  resistance  increased  but  never 
reached  infinity;  this  behaviour  cast  some  doubt  as  to  whether  or  not 
this  resistance  change  represented  the  actual  titration  end-point. 

Such  problems  in  determining  the  end-point  were  encoutered  throughout 
the  whole  series  of  experiments  with  the  Waring  Blendor  and  were 
bel i eved  to  be  due  to  the  very  efficient  mixing  action  of  the  blades. 


-  •’  .  •' ' 


The  type  of  mixing  could  be  responsible  for  the  insensitivity  of 
the  method.  In  general,  no  large  variation  in  EC  values  and  in  amounts 


of  oil  added  was  observed  except  when  the  protein  concentration  was 
changed  and  when  the  EC  of  the  extracted  muscle  protein  fractions  was 
measured.  Further  evidence  of  the  effect  of  the  type  of  mixing  was 
provided  when  experiments  using  a  propeller  were  started.  The  viscosity 
of  the  emulsions  obtained  from  the  two  systems  was  totally  different; 
very  thick  emulsions  sometimes  resistant  to  mixing  were  obtained  using 
the  propeller  while  emulsions  of  very  low  viscosity  were  formed  with 
the  Waring  Blendor.  In  order  to  solve  the  previously  mentioned  problems, 
another  type  of  mixing  action  was  investigated:  the  propeller  or 
Method  I  I . 

Method  1  I 


Preliminary  experiments 

The  first  experiments  were  attempts  to  reproduce  the  experiments 
conducted  by  Borton  et  cCl .  (1968),  Swift  et  at.  (1961)  and  Webb  et  at. 
(1970).  In  all  three  cases,  the  same  problem  of  inadequate  mixing  was 
encountered.  To  solve  that  problem  three  propellers  were  stacked  on 
top  of  each  other  on  the  same  shaft  in  the  method  of  Borton  et  al.  (1968). 
In  order  to  evaluate  this  new  system,  myofibrils  were  extracted  and  the 
EC  was  measured  under  various  conditions.  However,  it  was  necessary  to 
establish  standard  conditions  before  this  evaluation  could  be  carried 
out.  The  next  sections  deal  with  the  experiments  that  were  done  in  order 
to  establish  the  standard  conditions. 
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Effect  of  salt 

A  blank  sample  consisting  of  a  salt  solution  alone  for  both  NaCl 
and  KC 1  was  titrated  and  the  values  obtained  for  both  salts  were 
relatively  high.  Consequently,  the  effect  of  salt  concent  rat i on  was 
investigated  for  concentrations  ranging  from  0,15  to  2,0  M.  The 
experiment  was  repeated  three  times  for  each  salt  as  reported  in  table 
24  for  NaCl  and  table  25  for  KC 1 .  Although  the  level  of  oil  added  was 
relatively  high  for  both  NaCl  and  KC 1  solutions  the  effect  of  salt 
concentration  was  small. 


TABLE  2k.  Effect  of  NaCl  concentration  on  the  amount  of  oil  added  to 
a  salt  solution  by  Method  II 


Salt 

concentration 

0 i 1 /so  1 ut 

i  on 

Average  1 
oi 1 /so  1 ut ion 

Average  2 
oi 1 /sol ution 

M 

g/g 

g/g 

g/g 

trial 

1 

2 

3 

1 

2 

3 

4,44 

3,95 

3,87 

0,15 

k  ,21 

2,88 

— 

4,38 

3,35 

3,87 

3,87 

4,50 

3,21 

—  - 

3,05 

2,33 

2,61 

0,6 

3,04 

3,14 

1,72 

2,70 

2,92 

2,17 

2,60 

2,01 

3,28 

— 

2,65 

2,65 

2,95 

1,0 

3,60 

2,47 

1 ,68 

3,22 

2,55 

2,32 

2,70 

3,41 

2,54 

— 

3,81 

2,94 

2,79 

2,0 

3,59 

2,45 

3,03 

3,62 

2,89 

2,91 

3,14 

3,47 

3,27 

—  — 

1  This  value  represents  the  average  of  the  three  values  of  the 
corresponding  trial 

2  This  value  represents  the  average  of  the  average  values  in  1  for 
the  three  trials 
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Effect  of  buffer 

Another  blank  containing  only  the  buffer  in  which  the  myofibrils 
were  suspended  was  titrated  with  oil  and  the  volume  of  oil  added  was 
relatively  large.  Therefore,  the  effect  of  the  buffer  on  the  amount 
of  oil  added  was  studied  by  varying  the  concentration  of  buffer  in  a 
50  ml  aliquot  hence  diluting  it.  Results  clearly  showed  that  the 
amount  of  oil  added  decreased  as  the  buffer  was  diluted  (table  26, 
figure  22).  This  effect  of  buffer  concentration  on  the  amount  of  oil 


TABLE  25-  Effect  of  KC 1  concentration  on  the  amount  of  oil  added  to  a 
salt  solution  by  Method  II 


Salt 

concentrat ion 

Oi 

1 /sol ut ion 

Average  1 

0 i 1 /so  1 ut i on 

Average  2 
oi 1 /sol ut ion 

M 

g/g 

g/g 

g/g 

trial 

1 

2 

3 

1 

2 

3 

0,15 

M3 

3,78 

6,43 

2,99 

3  3,81 
3,01 
2,90 

3,91 

2,99 

3,24 

3,38 

0,6 

2,87 

3,03 

3,02 

2,39 

2,32 

2,72 

2,11 

2,41 

2,97 

2,36 

2,41 

2,58 

1,0 

3,11 

3,14 

3,03 

3,10 

2,64 

1  ,94 
2,13 

3,09 

3,10 

2,24 

2,81 

2,0 

2,91 

2,69 

3,71 

2,04 

3,07 

0,85 3 

1 ,98 
2,48 

2,92 

2,56 

2,18 

2,55 

1  This  value 

represents  the 

ave  rage 

of  the 

three 

val ues 

of  the 

corresponding  trial 


2  This  value  represents  the  average  of  the  average  values  in  1  for 
the  three  trials 
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added  could  not  be  attributed  to  the  salt  because  salt  concentration 
was  found  to  have  no  effect  on  the  amount  of  oil  added.  If  one  compares 
results  from  tables  25  and  26  it  becomes  evident  that  tris  has  an  effect 
on  EC  since  the  value  of  EC  for  salt  alone  at  a  concentration  of  0,15  M 
is  doubled  in  the  presence  of  tris.  In  an  attempt  to  measure  the  effect 
of  tris  alone,  the  very  high  resistance  of  the  initial  solution  made  it 
impossible  to  determine  the  end-point;  consequently,  it  was  impossible 
to  determine  the  effect  of  tris  concentration  on  EC. 


TABLE  26.  Effect  of  buffer  concentration  on  the  amount  of  oil  added  to 
a  buffer  solution  by  Method  II 


Tris 

concentrati on 

KC1 

concentration 

0 i 1 /sol ut ion 

Ave  rage 
o i 1 /sol ut i on 

M 

M 

g/g 

g/g 

0,006 

0,3 

1  ,61 

2,50 

2,06 

0,012 

0,06 

5,12 

4,08 

4,60 

0,018 

0,09 

4.60 

6 .60 

5,60 

0,024 

0,12 

4,98 

5,90 

5,44 

0,03 

0,15 

6,89 

6,89 
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CONCENTRATION  (M) 


Figure  22:  Effect  of  buffer  concent  rat  ion  on  the  amount  of  oil 
added  to  a  KCl-tris  buffer  by  Method  II 
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Effect  of  rate  of  oil  addition 

Reports  on  the  effect  of  the  rate  of  oil  addition  are  contra¬ 
dictory;  Swift  et  at.  (1961)  found  a  positive  linear  relationship 
between  the  rate  of  oil  addition  and  the  amount  of  oil  emulsified 
whereas  Carpenter  and  Saffle  (1964)  found  no  effect  under  controlled 
conditions.  In  order  to  determine  the  effect  of  the  rate  of  oil 
addition  on  the  amount  of  oil  added  in  the  present  system,  three 
experiments  were  conducted  using  a  1 ,0  M  NaCl  solution.  The  results 
are  presented  in  table  27  and  curves  obtained  from  these  results  are 
presented  in  figure  23-  There  was  a  wide  variation  in  the  values  of 
amount  of  oil  added  making  it  difficult  to  draw  any  conclusion 
concerning  the  effect  of  rate  of  oil  addition  in  a  1,0  M  NaCl  solution. 
There  is  a  trend  towards  increasing  volume  of  oil  with  increasing  rate 
of  oil  addition.  A  rate  of  20  ml/min  was  chosen  for  further  experiments 
because  a  reasonable  amount  of  oil  was  required.  At  a  rate  of  20  ml/min, 
a  value  of  approximately  3,6  g  oil/g  slurry  was  found  which  compared 
well  with  the  value  of  2,7  g  oil/g  slurry  reported  for  a  1,0  M  NaCl 
solution  in  the  study  of  the  effect  of  salt  concentration  reported 
previously  (table  24). 

Effect  of  pH 

Using  a  1,0  M  NaCl  solution  again,  the  effect  of  pH  on  the  amount 
of  oil  added  was  investigated.  The  pH  was  found  to  have  no  effect 
(tabl e  28) . 


TABLE  27.  Effect  of  rate  of  oil  addition  on  the  amount  of  oil  added  to  a  1,0  H  NaCl  solution  by  Method  II 
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RATE  OF  OIL  ADDITION  (ml/min) 

Figure  23:  Effect  of  rate  of  oil  addition  on  the  amount  of  oil  added 
to  a  1 ,0  M  NaCl  solution  by  Method  II 
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TABLE  28.  Effect  of  pH  on  the  amount  of  oil  added  to  a  1 ,0  M  NaCl 
sol ution  by  Method  I  I 


pH 


Oil/solution  .,A/ver,a9e 

o 1 1 /so  1 u 1 1  on 


g/g 


g/g 


3.69 

5.0  3,74  3,61 

3,39 

3,25 

5-5  2,35  3,03 

3,48 

3.48 

6.0  3,47  3,25 

2,79 

3,84 

6.5  3,35  3,56 

3.49 

2,81 

7.0  3,16  3,01 

3,06 

2,93 

7.5  3,40  3,34 

3.70 

3,30 

8.0  3,19  3,26 

3,30 


Effect  of  speed  of  mixing 


According  to  the  literature,  the  speed  of  mixing  inversely 
affects  the  EC.  The  effect  of  speed  of  mixing  was  reported  by  several 
researchers,  for  example  by  Swift  et  at.  (1961)  and  Carpenter  and  Saffle 
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(196A).  The  effect  of  speed  of  mixing  was  investigated  using  solutions 
of  myofibrils  prepared  by  resuspending  4  g  of  centrifuged  myofibrils 
extracted  from  skeletal  muscle  into  100  ml  of  buffer.  The  EC  was 
measured  at  different  speeds  of  mixing  in  duplicates  using  50  ml  of 
solution  at  a  time.  The  speed  of  mixing  was  also  found  to  have  an 
effect  here  as  indicated  by  the  results  presented  in  table  29,  although 
no  trend  could  be  identified.  Less  oil  could  be  added  at  high  speed  of 
mixing  and  the  nature  of  the  emulsion  was  also  different,  its  grain 
becoming  finer  as  the  speed  of  mixing  was  increased.  This  was  similar 
to  what  was  reported  by  Swift  et  al.  (1961)  (table  A,  from  Swift  et  al. 
1961).  However,  more  results  would  be  required  to  ascertain  this 
statement  in  the  case  of  the  present  experiment.  Most  important  is  the 
large  variation  in  the  results.  This  situation  was  expected  from  the 
difficulty  of  adjusting  the  speed  and  keeping  it  constant  in  the 
laboratory.  This  lack  of  speed  control  could  also  explain  the  variation 
in  the  results  obtained  from  the  study  on  the  rate  of  oil  addition 
(figure  23) . 

TABLE  29.  Effect  of  speed  of  mixing  on  the  EC  of  a  myofibril  solution 
by  Method  I  I 


Speed  of 
mixing 

Oi 1 /sol ut ion 

Average 
oi 1 /sol ut i on 

EC 

Average 

EC 

rpm 

g/g 

g/g 

g  oil/g 

myof i br i 1 s 

500 

6, A0 
5,A5 

5,93 

160,16 

136,66 

1 A8 , Al 

800 

3,40 

5,56 

A,  A8 

85,29 

138,91 

112,10 

1  000 

6,19 

3,40 

A, 80 

154,77 

85,05 

119,91 

50  ml  of  a 

suspens i on 

prepared  with  A  g  of 

myof i  br  i 

Is  in  1 00  ml 

buffer 
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Effect  of  initial  volume  of  solution 

The  effect  of  the  initial  volume  of  solution  was  studied  using  a 
skeletal  myofibril  suspension  and  a  cardiac  muscle  slurry.  Solutions 
of  myofibrils  were  prepared  by  resuspending  4  g  of  centrifuged  myofibrils 
into  100  ml  of  buffer.  Increasing  volumes  of  buffer  were  added  to  20  ml 
of  that  protein  suspension  so  that  the  amount  of  protein  was  constant 
while  the  initial  volume  of  solution  increased.  In  the  case  of  the  meat 
slurry,  20  ml  of  a  slurry  containing  0,3*+  mg  protein/g  were  used.  Results 
of  this  experiment  are  presented  in  table  30.  It  was  found  that  the 
initial  volume  of  solution  had  an  influence  on  the  EC,  a  fact  that  was 
also  reported  by  Carpenter  and  Saffle  (1964)  (figure  5,  from  Carpenter 
and  Saffle  1964).  These  researchers  observed  a  positive  linear  relation¬ 
ship  between  the  volume  of  oil  added  and  the  initial  volume  of  solution. 

In  the  present  study,  while  EC  was  found  to  increase  with  the  initial 


TABLE  30.  Effect  of  initial  volume  of  sol ut i on  on  the  EC  of  a  myofibril 
solution  and  a  cardiac  muscle  slurry  by  Method  II 


initial 

Myof i br i 

1  solution  1 

Meat 

slurry  2 

vo 1 ume 

0 i 1 /sol ut i on 

EC 

Oi 1 /s 1 urry 

EC 

m  1 

g/g  g 

oi 1 /g  myof i br i Is 

g/g  g 

oi 1 /g  protei n 

20 

5,17 

124,05 

4,26 

250 

30 

5,45 

195,64 

3,52 

316 

40 

-- 

— 

3,71 

442 

50 

3,70 

231 ,78 

3,69 

547 

1  20  ml 

of  a  solution 

p repa red  with  4  g 

myof i br i 1 s  in 

100  ml  buffer 

2  20  ml  of  a  meat  slurry  containing  0,34  mg  protein/g 


b  no  j  < 
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volume  of  solution  for  both  myofibrils  and  the  meat  slurry,  no  definite 
effect  was  observed  with  respect  to  amount  of  oil  emulsified  (figures 
24,  25).  A  standard  initial  volume  of  20  ml  was  chosen  for  further 
exper i ments . 

Effect  of  protein  concentration 

The  effect  of  protein  concentration  was  studied  using  myofibrils 
extracted  from  skeletal  muscle.  A  suspension  of  myofibrils  was 
centrifuged;  the  different  protein  concentrations  correspond  to 
increasing  weight  of  the  pellet  resuspended  in  100  ml  of  buffer.  The 
EC  was  measured  in  duplicates  using  50  ml  of  suspension  for  each 
determination.  The  results  appear  in  table  31  from  which  figure  26 
was  obtained.  It  is  interesting  to  note  that  the  largest  amount  of  oil 
was  emulsified  by  the  buffer  alone,  this  amount  being  in  agreement  with 
the  volume  of  oil  emulsified  by  the  buffer  in  the  study  on  the  effect 
of  buffer.  The  addition  of  a  small  quantity  of  protein  greatly  reduced 
the  amount  of  oil  required  for  the  emulsion  to  break;  then,  as  the 
amount  of  myofibrils  increased,  the  amount  of  oil  emulsified  also 
increased.  The  same  negative  curvilinear  relationship  was  found  between 
EC  and  protein  concentration.  The  components  of  the  buffer  certainly 
have  an  effect  on  the  EC  since  the  amount  of  oil  added  increased  when 
their  concentration  was  decreased  (table  26,  figure  22).  However,  this 
effect  seems  to  be  minimized  in  the  presence  of  protein.  These  two 
phenomena  i.e.  titration  of  a  buffer  solution  and  titration  of  a  protein 
solution  are  different  but  the  method  of  the  electrical  resistance  fails 
to  differentiate  them.  In  the  case  of  the  buffer  alone,  it  seems  that 
one  of  the  ingredients,  tris,  acts  as  an  emulsifier,  since  the  amoun t  of 
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30  50 

INITIAL  VOLUME  (ml) 


Figure  2h:  Effect  of  initial  volume  of  solution  on  EC  and  the  amount 
of  oil  emulsified  for  a  myofibril  solution  by  Method  II 


EC  (g  oil/g  myofibrils 
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14 


10 


INITIAL  VOLUME  (ml) 


Figure  25:  Effect  of  initial  volume  of  solution  on  EC  and  the  amount 
of  oil  emulsified  for  a  cardiac  muscle  slurry  by  Method 


EC  (g  oil/g  protein  x  10"^)  -o- 
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TABLE  31.  Effect  of  protein  concentration  on  the  EC  of 
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MYOFIBRILS  (g) 


Figure  26:  Effect  of  protein  concentration  on  EC  and  the  amount  of 
oil  emulsified  for  a  myofibril  solution  by  Method  II 


EC  (g  oil/g  myofibrils 


oil  added  increased  with  increasing  concentration  (figure  22).  On  the 
other  hand,  with  salt  alone  there  was  no  definite  effect  of  concentra¬ 
tion  but  the  amount  of  oil  added  was  relatively  high  although  lower 
than  in  the  presence  of  tris.  No  real  emulsion  could  be  formed  with 
salt  but  the  initial  solution  still  had  a  low  resistance  while  the 
solution  containing  a  certain  amount  of  oil  offered  infinite  resistance 
to  the  passage  of  the  current. 

Problems  associated  with  Method  II 

Using  a  propeller  and  trying  to  reproduce  the  experiments  carried 
out  by  Borton  et  at.  (1968),  the  problem  of  incomplete  mixing  near  the 
end-point  was  encountered  due  to  high  viscosity  of  the  emulsions  and 
large  amounts  of  oil.  Accumulation  of  oil  was  unacceptable  because  of 
its  influence  on  the  end-point  determination.  Evidence  that  mixing  near 
the  end-point  was  of  importance  was  provided  when  the  addition  of  oil 
was  stopped  as  the  end-point  was  approached  while  the  mixing  was  continued 
sometimes  the  emulsion  collapsed  wi thout  further  addition  of  oil.  After 
numerous  trials,  the  problem  of  incomplete  mixing  was  solved  by  stacking 
three  identical  propellers  on  top  of  each  other  on  the  same  shaft.  This 
system  provided  good  mixing  even  when  large  amounts  of  oil  were  required 
but  was  not  really  convenient,  because  depending  on  whether  the  breakdown 
occurred  at  or  between  the  propellers,  the  mixing  action  was  different. 

Especially  when  the  rate  of  oil  addition  was  considered,  attempts 
to  define  standard  conditions  produced  erratic  results  which  were  thought 
to  be  the  result  of  variable  speed  of  mixing,  due  to  large  variations  in 
tachometer  readings.  This  was  later  confirmed  by  an  experiment  on  the 
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effect  of  the  speed  of  mixing  (table  29).  It  is  thus  difficult  to 
compare  values  obtained  at  different  times  since  the  speed  was  adjusted 
frequently.  Even  when  no  adjustment  was  made  i.e.  even  when  the  speed 
was  not  changed,  variation  in  the  speed  occurred  from  one  sample  to  the 
other  due  to  the  viscosity  of  the  emulsion  and  to  the  poor  quality  of 
the  mixer. 

In  spite  of  the  variation  in  the  speed  of  mixing,  large  amounts 
of  oil  were  required  to  titrate  a  blank  sample  of  tris  buffer  and  this 
effect  increased  with  increasing  concentration  of  buffer  (table  26, 
figure  22).  Since  salt  concentration  was  found  to  have  no  effect  on 
the  amount  of  oil  added  (tables  2k,  25),  the  effect  of  the  buffer  was 
attributed  to  tris.  This  effect  of  tris  was  reduced  in  the  presence  of 
myofibrils  (table  31,  figure  26)  suggesting  that  the  two  phenomena  are 
different.  As  in  the  case  of  the  first  method,  it  was  clear  that  the 
EC,  of  the  myofibrils  in  this  case,  decreased  as  the  protein  concentration 
was  increased  (table  31,  figure  26).  Since  the  speed  of  mixing  was  found 
to  be  an  important  factor  and  since  it  could  not  be  controlled  adequately 
using  the  Lightnin  stirrer,  Method  III  was  designed  to  solve  this 
particular  problem. 

Method  I  I  I 

The  Fisher  Stedi  Speed  stirrer  is  equipped  with  a  control  unit 
which  adjusts  the  power  supplied  to  the  motor  according  to  the 
viscosity  of  the  solution  so  that  the  speed  of  mixing  remains  constant. 
Using  this  mixer,  standard  conditions  were  first  determined  using  a 
standard  protein  (BSA)  after  which  the  EC  of  meat  slurries  and  meat 
protein  fractions  was  determined. 
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Effect  of  rate  of  oil  addition 


The  effect  of  rate  of  oil  addition  was  investigated  using  a 
0,02 %  BSA  solution  in  1,0  M  NaCl.  The  results  presented  in  table  32 
and  figure  27  show  that  the  amount  of  oil  emulsified  increased  with 
increasing  rates  of  oil  addition.  This  is  in  good  agreement  with  the 
data  from  Swift  et  al .  (1961)  (figure  7,  from  Swift  et  at.  1961).  A 
rate  of  20  ml/min  was  chosen  for  subsequent  experiments  because  it 
constituted  a  good  compromise  between  amount  of  oil  and  time  required 
for  the  ti tration. 

Effect  of  initial  volume  of  solution 


The  effect  of  the  initial  volume  of  solution  was  determined  as  in 
the  case  of  myofibrils  in  Method  II.  Twenty  ml  of  0,02%  BSA  solution 
were  added  to  a  600  ml  beaker  to  which  increasing  amounts  of  1 ,0  M 
NaCl  solution  were  added  to  give  increasing  initial  volumes  of  protein 
solution  containing  the  same  amount  of  protein.  Results  showed  that 
as  the  initial  volume  of  protein  solution  was  increased  the  amount  of 

oil  added  during  titration  also  increased  (table  33,  figure  28; .  A 
similar  effect  of  the  initial  volume  of  solution  was  also  reported  by 
Carpenter  and  Saffle  (1964)  (figure  5,  from  Carpenter  and  Saffle  1964). 
A  standard  volume  of  20  ml  was  used  because  it  reduced  the  amount 
of  oil  required  for  the  titration. 
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TABLE  32.  Effect  of  rate  of  oil  addition  on  the  amount  of  oil  emulsified 
by  a  0,02%  BSA  solution  by  Method  I  I  I 


Ra  te 

0  i  1 /sol ut ion 

Average 
o  i  1  /so  1 ut ion 

ml /mi n 

g/g 

g/g 

5 

3,95 

4,06 

4,67 

4,23 

10 

4,88 

4,25 

4,80 

4,64 

20 

6,16 

6 , 1 6 

6,36 

6,23 

26 

7,17 

6,57 

7,04 

6,93 

40 

10,06 

9,10 

9,61 

9,59 

46 

8,43 

10,37 

1 1  ,20 

10,00 

of  initial 

vo 1 ume  of  oil 

The  effect  of  initial  volume  of  oil  added  in  the  mixer  before 
the  titration  itself  was  started  was  studied  by  Carpenter  and  Saffle 
(1964)  who  reported  that  the  EC  increased  linearly  with  the  initial 
volume  of  oil  (table  3,  from  Carpenter  and  Saffle  1964);  they  attributed 
the  effect  of  the  initial  volume  of  oil  in  part  to  differences  in 
temperature  resulting  from  different  times  of  mixing.  This  observation 
could  not  be  confirmed  by  the  present  experiment.  In  agreement  with 
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RATE  OF  OIL  ADDITION  (ml/min) 


Figure  27:  Effect  of  rate  of  oil  addition  on  the  amount  of  oil 
emulsified  by  a  0,02%  BSA  solution  using  Method  III 
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TABLE  33 .  Effect  of  initial  volume  of  solution  on  the  amount  on  oil 
emulsified  by  a  0,02%  BSA  solution  by  Method  III 


Initial 

vol ume 


0 i 1 /sol ut i on 


Average 
oi 1/sol ution 


ml 

g/g 

g/g 

20 

6,58 

5,96 

6,18 

6,2A 

30 

7,71 

8,17 
it, 85  1 

7,94 

40 

10, 34 

9, 40 

10,06 

9,93 

50 

12,11 

11,33 

1 A ,  50 

12,65 

1  Discarded  value 


the  results  of  the  first  experiment  to  study  the  effect  of  oil  addition, 
more  oil  was  emulsified  at  higher  rate  of  addition.  At  low  rate  of  oil 
addition  (5  ml/min),  no  effect  of  the  initial  volume  of  oil  could  be 
found.  Even  at  a  higher  rate  of  oil  addition  (20  ml/min),  the  initial 
volume  of  oil  did  not  have  much  of  an  effect  on  the  amount  of  oil 
emulsified  even  though  the  variation  was  larger  (table  3A)  .  Since  the 
initial  amount  of  oil  had  no  effect,  it  was  decided  not  to  add  any  oil 
before  the  titration  was  started  for  the  subsequent  experiments. 
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Figure  28:  Effect  of  initial  volume  of  solution  on  the  amount  of  oil 
emulsified  by  a  0,02%  BSA  solution  by  Method  III 
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TABLE  34. 


Effect  of  initial  volume  of  oil  on  the  amount  of  oil  emulsified 
by  a  0,02%  BSA  solution  by  Method  III 


Initial 

20  ml  of 

o  i  1  /mi n 

5  ml  of 

o i 1 /mi n 

vo 1 ume 

0 i 1 /sol ut ion 

Ave  rage 

0  i  1  /so  1 ut i on 

Average 

o i  1  /so  1 ut i on 

oi 1 /sol ut ion 

ml 

g/g 

g/g 

g/g 

g/g 

5,90 

3,37 

-- 

5,65 

6,01 

3,03 

3,09 

6,ii9 

2,88 

8,38 

2,96 

5 

6,^7 

7,17 

3,41 

3,20 

6 , 66 

3,23 

8,31 

2,47 

10 

6,68 

6,45 

3,46 

3,36 

6,36 

4,14 

6,27 

2,91 

20 

5,77 

6,04 

3,00 

2,95 

6,07 

2,95 

— 

3,23 

25 

2,97 

3,38 

— 

3,93 

Effect  of  salt 


In  order  to  determine  the  effect  of  salt  on  the  amount  of  oil 
added  during  titration,  solutions  containing  an  increasing 
concentration  of  salt  were  tested  with  and  without  protein.  A  0,02% 

BSA  solution  was  used  in  cases  where  the  protein  was  present.  Results 
of  this  experiment  are  reported  in  table  35-  Curves  obtained  from 
these  results  show  that  salt  concentration  did  not  have  any  effect  in 
the  absence  of  protein.  In  the  presence  of  protein  the  amount  of  oil 
emulsified  had  a  tendency  to  slightly  decrease  as  the  salt  concentration 
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TABLE  35-  Effect  of  salt  concentration  on  the  amount  of  oil  added 
to  salt  solutions  with  and  without  protein  by  Method  III 


Sal  t 

Oi 1 /sol ution 

Average  oil/solution 

concentrat i on 

g/g 

g/g 

M 

no  protein  protein 

no  protein  protein 

— 

7,50 

- 

-- 

9,07 

7,50 

5,92 

4  ,57 

5,98 

0,15 

5,41 

6,44 

4,86 

6,27 

4,59 

6,39 

4,99 

6,13 

0,6 

4,69 

6,20 

4,42 

6,13 

3,59 

6,05 

5,64 

5,93 

1 ,0 

4,92 

6,25 

5,22 

6,07 

5,10 

6,02 

4,22 

5,77 

2,0 

4,42 

5,33 

4 , 32 

5,57 

2,77  1 

5,61 

1 


Discarded  value 
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was  increased.  It  is  expected  that  the  effect  of  salt  will  be  different 
for  each  protein.  However,  it  should  be  noted  that  the  amount  of  oil 
added  was  not  greatly  lowered  by  the  removal  of  the  protein.  In  subse¬ 
quent  experiments,  the  salt  concentration  was  constant  at  1 ,0  M  unless 
a  buffer  had  to  be  used. 

Effect  of  pH 

Similarly,  the  effect  of  pH  on  the  amount  of  oil  added  was  studied 
in  the  absence  and  in  the  presence  of  protein  at  least  for  certain  pH 
values.  Results  are  reported  in  table  36  and  figure  29-  It  is  difficult 
to  say  anything  about  the  effect  of  pH  in  the  absence  of  protein  because 
of  the  limited  number  of  data  points,  the  effect  reported  in  figure  29 
could  be  due  to  large  experimental  error.  For  BSA,  the  amount  of  oil 
added  was  minimum  at  pH  7-5  but  the  variation  was  quite  small.  As  for 
salt,  the  effect  of  pH  is  expected  to  be  different  for  each  protein. 

The  pH  of  the  meat  slurries  and  protein  solutions  was  adjusted  to  6.0 
while  that  of  the  muscle  protein  fractions  was  that  of  the  buffer  i.e. 
7.6. 


Effect  of  tri pol yphosphate 


To  investigate  the  effect  of  tripolyphosphate  on  the  amount  of 
oil  added,  conditions  prevailing  in  a  0,02%  BSA  solution  were  reproduc¬ 
ed  .  The  molar  concentration  of  the  more  dilute  t r i po 1 yphospha te 
solution  was  the  same  as  that  of  the  BSA  solution  and  was  similarly 
prepared  with  1,0  M  NaCl  solution.  At  the  same  molar  level  of  0,03  mM, 
the  amount  of  oil  added  was  greater  for  the  protein  alone  (table  37)  • 
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TABLE  3 6.  Effect  of  pH  on  the  amount  of  oil  added  to  salt  solutions 
with  and  without  protein  by  Method  Ml 


pH 

0i 1 /sol ut ion 

Average  oi 

1 /sol ut ion 

g/g 

g/g 

no  protein 

protein  1 

no  prote i n 

protein  1 

4,30 

7,33 

5.0 

4,42 

6,99 

3,91 

6 , 56 

3,02 

6,47 

__  _ 

6,98 

5.5 

— 

7,55 

-- 

7,17 

6,99 

6,37 

5-75 

— 

6 , 26 

-- 

6,56 

“  — 

7,05 

2,71 

7,31 

6.0 

^,73 

6,87 

3,48 

7,14 

3,00 

7,24 

6,05 

6.5 

-- 

6,17 

-- 

6,05 

—  — 

5,93 

5,30 

5,56 

5,45 

7.0 

4,82 

5,40 

5,17 

5,38 

5,39 

^,77 

7-5 

-- 

5,18 

5,01 

”  — 

5,07 

6,71 

8.0 

6,07 

6,07 

5,44 

1 


0,02%  BSA 
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Figure  23:  Effect  of  pH  on  the  amount  of  oil  added  to  salt  solutions 
with  and  without  protein  by  Method  III 
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TABLE  37.  Effect  of  t r i pol yphosphate  concentration  on  the  amount  of 
oi 1  added  by  Method  I  I  I 


Concentrat ion 

0 i 1 /so  1 u  t i on 

Ave  rage 
oi 1 /sol ut ion 

mM 

g/g 

g/g 

0,03 

(BSA) 

5,90 

6,00 

6,83 

6,24 

0,03 

4,14 

4,32 

4,44 

4,30 

0,3 

5,03 

4,49 

4,17 

4,56 

3,0 

5,34 

5,01 

5,14 

5,16 

With  increasing  concentrations  of  t r i pol yphosphate ,  only  a  slight 
increase  in  the  amount  of  oil  needed  for  titration  was  observed. 

Effect  of  protein  concentration 

The  effect  of  protein  concentration  was  studied  for  BSA 
solutions,  skeletal  and  cardiac  muscle  slurries  and  also  for  the 
sarcoplasmic  and  myofibrillar  proteins  extracted  from  those  two  muscles. 
The  effect  of  protein  concentration  is  again  the  same  in  all  cases, 
the  relationship  being  negative  and  most  of  the  time  curvilinear 
between  EC  and  the  protein  concentration. 
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BSA  AotmtionA 


BSA  solutions  containing  from  0,1  to  0,3  mg  protein/g  solution 
were  used  to  determine  the  effect  of  protein  concentration.  Values  of 
EC  and  amounts  of  oil  emulsified  at  different  levels  are  presented  in 
table  38  and  reported  on  figure  30. 


TABLE  38.  Effect  of  protein  concentration  on  EC 
by  Method  I  I  I  (BSA) 


P  rote i n 
content 

0 i 1 /so  1 ut i on 

Ave  rage 

0 i 1 /so  1 ut i on 

EC 

Ave  rage 
EC  ~ 

mg/g 

g/g 

g/g 

g  0 i 1 /mg 

p  rote i n 

4,59 

45,9 

0,1 

4,80 

4,69 

48,0 

46,9 

4,67 

46,7 

6,65 

33,3 

0,2 

5,99 

5,98 

30,0 

30,0 

5,31 

26,6 

8,98 

30,0 

0,3 

9,00 

8,83 

30,0 

29,5 

8,52 

28,4 

SkeZoXat  and  ccuicLiac  muscle.  i>tuJVu.ZA 

The  effect  of  protein  concentration  was  studied  for  both  skeletal 
and  cardiac  muscle  slurries,  before  and  after  preblending  at  protein 
levels  requiring  reasonable  amounts  of  oil.  The  results  for  skeletal 
muscle  are  presented  in  table  39  and  those  for  cardiac  muscle  in  table 
40.  It  happened  that  the  convenient  protein  levels  did  not  correspond 
making  it  difficult  to  compare  results  as  can  be  seen  in  figures  31  and 
33  for  the  EC  and  figures  32  and  34  for  the  amount  of  oil  emulsified. 
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Figure  30:  Effect  of  protein  concentration  on  EC  and  the  amount  of  oil 
emulsified  for  BSA  solutions  by  Method  III 


EC  (g  oil/mg  protein  x  10'1) 


TABLE  39-  Effect  of  protein  concentration  on  EC  of  skeletal  muscle 
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TABLE  40.  Effect  of  protein  concentration  on  EC  of  cardiac  muscle 
slurry  by  Method  I  I  I 
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PROTEIN  CONCENTRATION  (mg/g  slurry) 


Figure  31:  Effect  of  protein  concentration  on  EC  of  skeletal  and 

cardiac  muscle  slurries  before  preblending  by  Method  III 
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PROTEIN  CONCENTRATION  (mg/g  slurry) 


Figure  32:  Effect  of  protein  concentration  on  the  amount  of  oil 

emulsified  by  skeletal  and  cardiac  muscle  slurries  before 
preblending  by  Method  III 
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PROTEIN  CONCENTRATION  (mg/g  slurry) 


Figure  33:  Effect  of  protein  concentration  on  EC  of  skeletal  and 

cardiac  muscle  slurries  after  preblending  by  Method  III 
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PROTEIN  CONCENTRATION  (mg/g  slurry) 


Figure  3 *t:  Effect  of  protein  concentration  on  the  amount  of  oil 

emulsified  by  skeletal  and  cardiac  muscle  slurries  after 
preblending  by  Method  III 
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According  to  figures  31  and  33  for  EC  it  seems  that  the  EC  of  cardiac 
muscle  slurries  is  superior  to  that  of  skeletal  muscle  slurries.  As 
far  as  the  amount  of  oil  emulsified  is  concerned,  the  same  comparison 
is  valid,  cardiac  muscle  being  superior  to  skeletal  muscle.  But  in  order 
to  make  a  valid  comparison,  similar  protein  levels  should  be  employed. 
Therefore,  the  effect  of  protein  concentration  was  determined  again  at 
comparable  protein  levels  for  skeletal  and  cardiac  muscle  slurries. 

These  results  are  presented  in  tables  41  and  42  for  skeletal  and  cardiac 
muscle  slurries  respectively.  The  corresponding  curves  of  EC  appearing 
in  figure  35  clearly  show  that  although  the  difference  is  small,  the  EC 
of  cardiac  muscle  slurries  is  superior  to  that  of  skeletal  muscle 
slurries.  As  usual,  the  EC  decreases  as  the  protein  concentration  is 
increased.  The  amount  of  oil  emulsified  is  slightly  superior  for  cardiac 
muscle  slurries  and  increases  as  the  protein  concent  rat i on  is  increased 
(figure  36) . 

When  numerical  values  for  meat  slurries  and  BSA  solutions  are 
compared,  it  can  be  seen  that  much  lower  levels  of  BSA  were  needed  in 
order  to  get  reasonable  amounts  of  oil  emulsified.  Since  the  amounts 
of  oil  emulsified  by  these  dilute  BSA  solutions  are  comparable  to  those 
emulsified  by  muscle  slurries,  the  EC  values  for  the  BSA  solutions  are 
considerably  higher. 

SaAcoplaAmlc.  and  myo  falbsUllaA.  psiot&in* 

Sarcoplasmic  and  myofibrillar  proteins  were  extracted  from  both 
skeletal  and  cardiac  muscles  and  the  EC  of  the  resulting  protein 
solutions  was  determined  at  comparable  protein  levels.  Results  for 
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TABLE  41.  Effect  of  protein  concentration  on  EC  of  skeletal  muscle 
slurries  by  Method  I  I  I 


P  rote  i  n 
concentration 

Oi 1 /s 1 ur ry 

Average 
oi 1 /s 1 ur ry 

EC 

Ave  rage 
EC  ~ 

mg/g  slurry 

g/g 

g/g 

g  o i 1 /mg  p rote i n 

* 

5,31 

10,62 

0,5 

5,55 

5,29 

11,10 

10,59 

5,02 

10,04 

6,25 

6,25 

1  ,0 

7,39 

7,09 

7,39 

7,09 

7,62 

7,62 

10,38 

5,22 

1  ,99 

9,81 

10,10 

4,93 

5,08 

10,12 

5,09 

TABLE  42.  Effect  of  protein  concentration  on  EC 

slurries  by  Method  1 1 1 

of  cardiac  muse  1 e 

Protei n 
concentrati on 

0i 1/sl urry 

Ave  rage 
oi 1 /s 1 urry 

EC 

Average 
EC  ~ 

mg/g  si urry 

g/g 

g/g 

g  o i 1 /mg  protein 

6,84 

13,96 

0,49 

6,01 

6,45 

12,27 

13,17 

6,51 

13,29 

9,08 

9,27 

0,98 

8,69 

9,11 

8,87 

9,29 

9,55 

9,74 

12,12 

6,15 

1  ,97 

1 1 ,58 

11,38 

5,88 

6,03 

1 1 ,94 

6 , 06 
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PROTEIN  CONCENTRATION  (mg/g  slurry) 

Figure  35:  Effect  of  protein  concentration  on  EC  of  skeletal  and 

cardiac  muscle  slurries  before  prebl end i ng  by  Method  III 
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Figure  36:  Effect  of  protein  concentration  on  the  amount  of  oil 

emulsified  by  skeletal  and  cardiac  muscle  slurries  before 
preblending  by  Method  III 
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sarcoplasmic  proteins  are  presented  in  table  43  for  skeletal  muscle  and 
table  44  for  cardiac  muscle.  The  EC  of  the  sarcoplasmic  proteins  from 
the  cardiac  muscle  is  slightly  higher  than  that  of  the  sarcoplasmic 
proteins  from  the  skeletal  muscle  and  so  was  the  amount  of  oil  emulsified 
since  the  protein  levels  are  the  same  in  both  cases.  This  can  easily 
be  seen  from  figures  37  and  38.  Results  for  myofibrillar  proteins 
appear  in  tables  45  and  46  for  skeletal  and  cardiac  muscles 
respectively.  Curves  of  EC  and  the  amount  of  oil  emulsified  obtained 
from  these  results  are  presented  in  figures  39  and  40.  Conclusions 
similar  to  those  obtained  for  the  sarcoplasmic  proteins  can  be  drawn 
for  the  myofibrillar  proteins.  When  myofibrillar  proteins  are  compared 
to  sarcoplasmic  proteins  for  the  same  muscle,  the  EC  of  myofibrillar 
proteins  is  lower  than  that  of  sarcoplasmic  proteins  for  both  skeletal 
and  cardiac  muscles. 

From  the  study  of  the  effect  of  protein  concentration,  it  can  be 
concluded  that  the  EC  of  all  proteins  investigated  decreases  as  the 
protein  concentration  is  increased  while  the  amount  of  oil  emulsified 
by  these  protein  solutions  increases  with  protein  concentration.  It 
also  becomes  apparent  that  the  cardiac  muscle  is  slightly  superior  to 
the  skeletal  muscle  and  that  is  true  for  muscle  slurries  as  well  as  for 
the  muscle  protein  fractions.  Sarcoplasmic  proteins  were  found  to  be 
more  efficient  than  myofibrillar  proteins. 


Effect  of  preblending 

The  effect  of  preblending  was  presented  in  the  previous  study  on 
the  effect  of  protein  concentration  in  tables  39  and  40.  Standing  in  a 


120 


TABLE  43.  Effect  of  protein  concentration  on  EC  of  sarcoplasmic 
proteins  from  skeletal  muscle  by  Method  III 


P rote i  n 
concentrat ion 

0 i 1 /sol ut ion 

Ave  rage 
oi 1 /sol ut ion 

EC 

Average 
EC  ~ 

mg/g  solution 

g/g 

g/g 

g  oi 1/mg  protein 

1,0 

7,66 

7,66 

7,82 

7,11 

7,82 

7,11 

5,86 

5 , 86 

2,0 

8,74 

4 ,37 

9,25 

8,99 

4,63 

4,50 

8,97 

4,49 

2,5 

9,81 

3,92 

10,07 

10,07 

4, 03 

4,03 

10,33 

M3 

15,20 

3,04 

5,0 

15,78 

15,51 

3,16 

5,10 

15,56 

3,11 

TABLE  44.  Effect  of  protein  concentration  on  EC  of  sarcoplasmic 
proteins  from  cardiac  muscle  by  Method  III 

P  rote i n 
concentration 

Oi  1  /sol ut ion 

Ave  rage 

0 i 1 /so  1 ut ion 

EC 

Average 
EC  ~ 

mg/g  solution 

g/g 

g/g 

g  oi 1 /mg  prote i n 

8,19 

8,19 

1,0 

8,33 

8,35 

8,33 

8,35 

8,53 

8,53 

10,82 

5,41 

2,0 

10,29 

10,55 

5,14 

5,27 

10,54 

5,27 

1 1 ,45 

4,58 

2,5 

11,74 

1 1 ,42 

4,70 

M7 

1  1  ,08 

4,43 
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2  4  6 

PROTEIN  CONCENTRATION  (mg/g  solution) 

Figure  37:  Effect  of  protein  concentration  on  EC  of  sarcoplasmic 
proteins  by  Method  III 
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PROTEIN  CONCENTRATION  (mg/g  solution) 


Figure  38:  Effect  of  protein  concentration  on  the  amount  of  oil 
emulsified  by  sarcoplasmic  proteins  by  Method  III 
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TABLE  45.  Effect  of  protein  concentration  on  EC  of  myofibrillar 
proteins  from  skeletal  muscle  by  Method  III 


P  rote i n 
concentration 

0i 1 /sol ution 

Average 
oi 1/sol ution 

Fr  Average 

EC  " 

mg/g  solution 

g/g 

g/g 

g  0 i 1 /mg  p rote i n 

3,69 

1,85 

2,0 

4,18 

3,62 

2,09  1,81 

2,99 

1,50 

2,5 

4,02 

3,99 

3,91 

1 ,61 

1 ,60 

1,57 

3,73 

1 ,49 

4,33 

0,87 

5,0 

4,88 

4,80 

0,98 

0,96 

5,20 

1  ,04 

TABLE  46.  Effect 
prote i 

of  protein  concentration  on  EC  of  myofibrillar 
ns  from  cardiac  muscle  by  Method  III 

P rote  i  n 
concentration 

0 i 1 /so  1 ut ion 

Ave  rage 
oil/ sol ution 

EC 

Ave  rage 
EC  ' 

mg/g  solution 

g/g 

g/g 

g  oi 1 /mg  protein 

3,75 

3,75 

1,0 

4,55 

4,18 

4,55 

4,18 

4,23 

4,23 

7,11 

2,84 

2,5 

6,42 

6,51 

2,59 

2,60 

5,99 

2,40 

8,70 

1,74 

5,0 

8,68 

9,23 

1,74 

1,85 

10,31 

2,06 

. 
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PROTEIN  CONCENTRATION  (mg/g  solution) 


Figure  39:  Effect  of  protein  concentration  on  EC  of  myofibrillar 
proteins  by  Method  I  I  I 
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Figure  40:  Effect  of  protein  concentration  on  the  amount  of  oil 
emulsified  by  myofibrillar  proteins  by  Method  III 
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salt  solution  at  2°C  for  24  hours  to  extract  the  salt-soluble  proteins 
had  no  effect  since  the  EC  value  for  both  skeletal  and  cardiac  muscle 
slurries  after  such  a  treatment  was  the  same  as  for  the  freshly  prepared 
slurries. 

Effect  of  enzymatic  digestion 

Enzymatic  digestion  of  skeletal  and  cardiac  muscle  slurries  was 
followed  by  measuring  the  viscosity  of  the  slurries  and  its  effect  on 
EC  was  determined  after  different  periods  of  time.  The  viscosity  of 
the  skeletal  muscle  slurry  decreased  gradually  with  time  of  exposure  to 
the  enzyme  action  indicating  that  the  enzyme  was  active  (table  47, 
figure  41).  The  EC  of  the  skeletal  muscle  slurry  also  decreased  with 
time  during  the  first  24  hours  after  which  it  started  to  increase  again 
(table  47,  figure  42).  While  the  much  lower  viscosity  of  the  cardiac 
muscle  slurry  also  decreased  to  a  lesser  extent,  there  was  no  trend  in 
EC  (table  48,  figure  42).  From  the  previous  results,  it  is  difficult  to 
establish  a  relationship  between  enzymatic  digestion  as  followed  by  the 
viscosity  and  EC.  As  the  proteolysis  proceeds  and  the  proteins  are 
broken  down,  the  EC  should  decrease  which  is  the  case  here  for  the 
skeletal  muscle  slurry.  However,  after  prolonged  hydrolysis,  the  EC 
almost  returned  to  its  original  value.  No  explanation  can  be  given  for 
such  a  phenomenon  except  the  large  variation  in  EC  values.  In  the  case 
of  the  cardiac  muscle  slurry  the  effect  of  the  enzyme  is  very  limited 
as  revealed  by  the  viscosity  of  the  slurry;  similarly,  there  is 
variation  i n  EC  but  no  trend.  Even  under  the  very  controlled  conditions 
prevailing  in  this  last  method,  no  improvement  was  obtained  in  the  results 
as  will  be  shown  in  the  next  section. 


. 
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TABLE  47. 

Effect  of  enzymatic  digestion  on 

vi scos 

ity 

and  EC  of  a 

skeletal  muscle  slurry 

by  Method 

1  1  1 

Ti  me 

Vi scos i ty 

0 i 1 /si urry 

EC 

hou  rs 

relative  units 

g/g 

g 

oi 1 /mg  protei n 

0 

2,56 

9,53 

5,66 

3 

2,52 

11,10 

6,08 

5 

2,36 

10,72 

5,84 

7 

2,28 

9,67 

5,10 

9 

2,16 

10,00 

5,31 

1  1 

1,92 

9,11 

4,73 

24 

1  ,16 

8,13 

4,16 

31 

1,12 

11,38 

5,15 

48 

1,12 

10,72 

5,40 

0,02% 
pH  6 . 

enzyme  on  a  slurry  basis  (0,02  g 
0,  2°C,  under  agitation 

prote i n/g 

s 1 urry) 

TABLE  48. 

Effect  of  enzymatic  digestion  on  viscos 
cardiac  muscle  slurry  by  Method  III 

ity  and  EC  of  a 

Ti  me 

Vi scos i ty 

0 i 1 /s 1 urry 

EC 

hou  rs 

relative  units 

g/g  g 

oi 1 /mg  protei n 

0 

1  ,06 

10,64 

5,40 

3 

1,32 

10,83 

5,39 

5 

1  ,22 

1  1  ,02 

5,52 

7 

1,1^ 

10,36 

5,21 

9 

1  ,08 

10,1  1 

4,99 

1  1 

1  ,08 

10,77 

5,19 

23 

0,98 

10,21 

5,62 

36 

0,98 

10,72 

5,10 

0,02%  enzyme  on  a  slurry  basis  (0,02  g  protein/g  slurry) 
pH  6.0,  2°C ,  under  agitation 


. 
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TIME  (hours) 


Figure  4l:  Effect  of  proteolysis  on  the  viscosity  of  skeletal  and 
cardiac  muscle  slurries 
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TIME  (hours) 

Figure  42:  Effect  of  proteolysis  on  the  EC  of  skeletal  and  cardiac 
muscle  slurries  by  Method  III 
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Evaluation  of  Method  III 

Under  standard  conditions  of  rate  of  oil  addition,  initial  volume 
of  solution,  initial  volume  of  oil,  salt  concentration,  pH  and  speed 
of  mixing,  the  EC  of  various  solutions  from  skeletal  and  cardiac  muscles 
was  measured.  First,  the  EC  of  skeletal  and  cardiac  muscle  slurries  was 
determined;  a  small  difference  was  found  between  the  two  muscles,  the 
EC  of  the  cardiac  muscles  slurries  being  slightly  higher  than  that  of 
the  skeletal  muscle  slurries  (tables  39,  40,  4l  ,  42,  figures  31,  33, 

35)  •  The  difference  between  skeletal  and  cardiac  muscles  was  not  obvious 
at  first  because  comparison  was  made  of  EC  values  at  different  protein 
levels  since  EC  varies  with  protein  concentration  (figures  31,  33)- 
However,  when  comparing  values  obtained  at  the  same  protein  level,  the 
EC  of  cardiac  muscle  slurries  was  slightly  higher  than  that  of  skeletal 
muscle  slurries  (figure  35)-  On  the  other  hand,  no  change  in  EC  due  to 
preblending  was  observed  for  both  muscles  (tables  39,  40)  and  no  evident 
relationship  was  found  between  EC  and  enzymatic  hydrolysis  as  followed 
by  the  viscosity  of  the  slurries  (tables  47,  48,  figures  41,  42).  Then, 
when  the  EC  of  meat  protein  fractions  was  determined,  the  water-soluble 
proteins  were  found  to  be  more  efficient  than  the  salt-soluble  proteins 
(tables  43,  44,  45,  46).  Furthermore,  the  EC  of  protein  fractions  from 
the  cardiac  muscle  was  slightly  higher  than  that  of  protein  fractions 
from  the  skeletal  muscle  (figures  37,  39)- 

These  results  are  totally  different  from  the  ones  reported  for 
other  model  systems  by  other  workers  and,  more  important,  these  results 
are  different  from  practical  knowledge.  Using  different  model  systems, 
several  researchers  have  reported  the  cardiac  muscle  to  have  a  lower 


. 
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EC  than  the  skeletal  muscle  (table  11).  Based  on  practical  experience, 
any  sausage  maker  would  agree  that  heart  muscle  is  a  poor  emulsifier 
compared  to  lean  meat;  therefore,  the  amount  of  heart  muscle  in  a 
formulation  is  always  kept  low  to  avoid  binding  problems.  Similarly, 

I  observed  a  difference  in  the  viscosity  of  the  slurries  prepared 
from  skeletal  and  cardiac  muscles;  whereas,  the  viscosity  of  cardiac 
muscle  slurries  is  low,  skeletal  muscle  slurries  exhibit  a  high  viscosity, 
being  gel-like  in  appearance.  Based  on  the  experience  acquired  in  this 
work  on  model  systems,  I  believe  that  the  discrepancy  with  actual 
sausage  production  arises  from  the  large  number  of  parameters  involved 
and  from  the  nature  of  the  emulsions  produced. 


. 

\ 


. 

SUMMARY  AND  CONCLUSIONS 


Problems  were  encountered  with  each  one  of  the  methods  used  in 
the  present  study.  Results  obtained  can  be  summarized  as  follows. 

Using  the  Waring  Blendor  technique,  no  large  variation  in  the 
EC  values  and  in  the  amounts  of  oil  emulsified  was  observed  except  in 
two  cases  which  are  presented  in  table  49.  However,  for  most  experi¬ 
ments  carried  out  using  the  Waring  Blendor  method,  it  did  not  seem  to 
d i f f erent i ate  between  the  samples.  This  is  illustrated  by  the  results 
of  numerous  experiments  a  list  of  which  is  presented  in  table  50. 

TABLE  49.  Factors  producing  a  large  variation  in  EC  as  measured  by 
Method  I 


1.  Protein  concentration 

-  EC  decreases  as  the  protein  concentration  is  increased 

-  more  oil  is  added  as  the  protein  concentration  is  increased 

2.  Muscle  protein  fractions 

-  myofibrillar  proteins  are  more  efficient  than  sarcoplasmic 
prote i ns 
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TABLE  50.  Factors  producing  little  or  no  variation  in  EC  as  measured 
by  Method  I 


1.  Preliminary  experiments 

-  no  difference  in  EC  between  skeletal  and  cardiac  muscles 

-  no  increase  in  EC  for  skeletal  muscle  after  preblending 

2.  Various  protein  sources 

-  emulsified  similar  amounts  of  oil 

3.  Enzymatic  digestion 

-  no  trend  in  EC  and  amount  of  oil  emulsified 

k.  Comparison  of  two  muscles 

-  small  difference  in  EC,  cardiac  muscle  being  slightly  superior 
to  skeletal  muscle 

-  protein  fractions  from  cardiac  muscle  are  more  efficient  than 
those  from  skeletal  muscle 

5.  Preblending 

-  only  a  small  increase  in  EC  after  preblending 

6 .  pH 

-  no  effect  on  EC  of  skeletal  muscle 

-  steady  increase  with  pH  for  cardiac  muscle 


Using  the  Lightnin  stirrer,  the  effect  of  various  factors  on  EC 
was  determined.  The  results  of  these  experiments  are  summarized  in 
table  51.  Lack  of  control  over  the  speed  of  mixing  lead  to  the  use  of 
a  different  mixer  in  Method  III. 


A. 
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TABLE  51*  Effect  of  various  factors  on  EC  as  measured  by  Method  I  I 

1 .  Salt  so  1 ut i ons 

-  large  amount  of  oil  for  salt  alone 

-  no  effect  of  concentration 

-  no  effect  of  pH 

-  no  effect  of  rate  of  oil  addition 

2.  Buffer  solutions 

-  large  amount  of  oil  for  buffer  alone 

-  less  oil  as  the  concentration  is  decreased 

3.  Speed  of  mixing 

-  less  oil  at  high  speed  of  mixing 

4.  Initial  volume  of  solution 

-  EC  increases  with  initial  volume  of  solution 

5*  Protein  concentration  (myofibrils) 

-  more  oil  as  the  protein  concentration  is  increased 

-  EC  decreases  as  the  protein  concentration  is  increased 


And  again  with  Method  III,  the  effect  of  various  factors  on  EC 
was  investigated  this  time  using  a  Stedi  Speed  stirrer  and  a  standard 
protein  BSA  (table  52). 

As  it  has  been  mentioned  earlier,  these  results  comparing 
skeletal  and  cardiac  muscles  are  in  disagreement  with  those  reported 
for  other  model  systems  and  with  practical  knowledge.  This  discrepancy 
was  attributed  to  the  large  number  of  parameters  involved  and  to 
differences  in  the  nature  of  the  emulsions  produced  under  each  set  of 


cond i t i ons . 
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TABLE  52.  Effect  of  various  factors  on  EC  as  measured  by  Method  III 

1.  Rate  of  oil  addition 

-  more  oil  as  the  rate  of  oil  addition  is  increased 

2.  Initial  vol ume 

-  solution:  more  oil  as  the  initial  volume  is  increased 

-oil:  no  effect  on  the  amount  of  oi 1 

3.  Salt 

-  without  protein:  no  effect  of  salt  concentration 

-  with  protein  (BSA) :  less  oil  as  salt  concentration  is  increased 


k.  pH 

-  without  protein:  large  variation  in  the  results 

-  with  protein  (BSA):  amount  of  oil  minimal  at  pH  7-5 

5.  Tri polyphosphate 

-  slight  increase  in  the  amount  of  oil  as  the  concentration  is 
i ncreased 

6.  Protein  concentration 

-  BSA 

-  skeletal  and  cardiac  muscles  slurries 

-  sarcoplasmic  and  myofibrillar  proteins 

7.  Comparison  of  two  muscles 

-  EC  of  cardiac  muscle  slurries  is  slightly  superior  to  that  of 
skeletal  muscle  slurries 

-  protein  fractions  from  cardiac  muscle  are  more  efficient  than 
those  from  skeletal  muscle 

8.  Preblending 

-  no  effect  on  EC 

9.  Enzymatic  digestion 

-  no  trend  in  EC 


EC  decreases  and  oi 1 
increases  with  protein 
concent  rat i on 
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There  is  no  need  to  demonstrate  the  effect  of  the  numerous 
parameters  affecting  the  value  of  EC,  this  having  been  done  throughout 
the  present  study.  The  fact  that  there  area  large  number  of  factors 
affecting  EC  is  further  illustrated  by  a  comparison  of  the  results 
obtained  using  two  different  methods  previously  described  in  this  work. 

In  figures  43  and  44,  EC  values  of  sarcoplasmic  and  myofibrillar  proteins 
from  both  skeletal  and  cardiac  muscles  are  compared.  The  values  of  EC 
obtained  using  the  propeller  technique  are  higher  in  the  case  of  the 
sarcoplasmic  proteins  (figure  43).  The  difference  is  not  as  marked 
for  the  myofibrillar  proteins,  comparable  EC  values  being  obtained  for 
the  two  different  techniques  (figure  44).  This  difference  in  the 

response  obtained  by  two  similar  methods  shows  the  difficulty  of 
comparing  results  from  different  studies  conducted  under  slightly 
different  conditions.  For  this  reason,  every  system  must  be  defined 
very  precisely.  The  preceding  comparison  emphasizes  the  importance 
of  developing  a  standard  method  for  the  determination  of  EC. 

The  nature  of  the  emulsions  formed  by  the  various  protein  slurries 
and  protein  fractions  is  different  but  the  titration  of  these  solutions 
with  oil  is  always  called  EC  even  if  different  phenomena  might  be 
involved.  For  example,  relatively  large  amounts  of  oil  can  be  added 
to  a  salt  solution  but  the  titration  of  the  so-called  emulsion  cannot 
be  interrupted  since  the  emulsion  collapses  right  away  without  any 
further  addition  of  oil.  In  the  presence  of  protein,  the  titration 
can  be  interrupted  without  causing  the  breakdown  of  the  emulsion. 

These  two  phenomena  are  obviously  different  as  further  evidenced  by 
a  different  viscosity  of  the  solutions  but  they  can  be  measured  the 
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Figure  ^3:  Comparison  between  the  EC  of  sarcoplasmic  proteins  from 
skeletal  and  cardiac  muscles  as  determined  by  the  Waring 
Blendor  (Method  l)  and  the  propeller  (Method  III)  techniques 


. 


' 


138 


Figure  hb  :  Comparison  between  the  EC  of  myofibrillar  proteins  from 
skeletal  and  cardiac  muscles  as  determined  by  the  Waring 
Blendor  (Method  l)  and  the  propeller  (Method  III)  techniques 
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same  way  because  both  starting  solutions  exhibit  low  resistance  to  the 

passage  of  the  current  while  after  addition  of  oil,  much  higher  resistance 
i s  noted . 

In  the  presence  of  protein,  the  nature  of  the  emulsion  is 
influenced  by  numerous  factors  such  as  speed  of  mixing  and  protein 
concentration  (tables  2,  k,  from  Swift  et  at.  1 96 1  and  personal 
observations).  This  point  will  not  be  elaborated  here  since  it  has 
already  been  discussed  throughout  this  thesis.  It  suffices  to  give 
an  example  concerning  the  nature  of  the  emulsions  produced  at  different 
speeds  of  mixing  and  different  protein  concentrations.  At  low  speed 

of  mixing,  the  fat  globules  were  large  and  as  the  speed  was  increased, 
the  grain  of  the  emulsion  became  finer,  the  size  of  the  fat  globules 
being  reduced;  in  the  latter  case,  the  emulsion  was  very  smooth  and 
gel-like  in  appearance.  As  it  was  previously  mentioned,  the  type  of 
mixing  was  also  found  to  have  an  effect  on  the  nature  of  the  emulsions 
since  the  viscosity  of  the  emulsions  produced  using  a  Waring  Blendor 
was  low  while  the  emulsions  produced  using  a  propeller  were  thicker 
even  at  lower  protein  concentrations.  The  effect  of  protein  concentration 
on  the  nature  of  the  emulsion  became  obvious  when  the  standard  protein 
BSA  was  first  used.  The  first  trials  were  to  determine  which  protein 
range  would  require  reasonable  amounts  of  oil,  starting  with  comparable 
protein  concentrations  to  the  ones  used  for  meat  proteins.  At  this 
protein  level,  emulsions  resistant  to  flowing  were  formed;  the  viscosity 
of  the  emulsions  was  considerably  reduced  at  lower  protein  levels  and 
hence  at  shorter  times  of  mixing.  Similar  observations  were  reported 


by  Galluzzo  and  Regenstein  (1978a)  with  respect  to  composition  of  the 
emulsion  and  time  of  mixing  (table  53,  from  Galluzzo  and  Regenstein 

1978a) . 


IS 
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TABLE 

53. 

Characteristics  of  myosin  emulsions  prepared  with 
various  oil-water  ratios. 

Sample 

Oil 

Mixing 

vol ume 

vol ume 

time 

Observat i ons 

ml 

ml 

mi  n 

5 

5 

1 

Large  foam  beads  (ca  30%) 

5 

8 

1 

Fine  emulsion,  few  air  bubbles 

4 

6 

1 

Some  foam  and  separation 

4 

8 

1 

Good  emulsion,  but  incomplete  mixing 

3 

5 

1 

Good  emulsion,  slight  separation,  few 
air  bubbles 

3 

5 

5 

Very  fine  and  thick 

3 

6 

1 

Fine  emulsion,  few  air  bubbles  on  separation 

3 

6 

5 

Very  fine,  pours  slowly 

3 

8 

1 

Fine  emulsion  but  incomplete  mixing 

3 

8 

5 

Fine  emulsion,  does  not  pour 

2 

5 

5 

Very  fine,  does  not  pour 

(From  Galluzzo  and  Regenstein  1978a) 


Further  evidence  of  the  different  nature  of  the  emulsions  was 
provided  during  the  comparative  study  of  the  EC  of  sarcoplasmic  and 
myofibrillar  proteins  under  constant  speed  conditions  (Method  III). 

When  the  EC  of  solutions  containing  myofibrillar  proteins  was  measured, 
the  resistance  of  the  initial  solution  containing  the  buffer  and  the 
myofibrils  was  low  and  remained  low  as  the  oil  was  added;  at  emulsion 
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collapse,  the  resistance  increased  sharply  to  reach  infinity.  On 
the  other  hand,  with  sarcoplasmic  proteins,  the  low  resistance  of 
the  initial  solution  containing  buffer  and  proteins  increased  gradually 
as  the  oil  was  added  to  reach  a  very  high  electric  resistance  value; 
the  situation  was  rather  confusing  as  to  whether  or  not  this 
represented  the  end-point  since  as  more  oil  was  added,  the  resistance 
approached  infinity. 

It  is  therefore  believed  that  the  nature  of  the  emulsions 
produced  during  EC  determinations  is  quite  different  in  each  case. 

It  appears  that  different  proteins  produce  emulsions  of  different 
character,  over  a  broad  spectrum  of  physical  properties  and  the  oil 
titration  end-point  of  these  different  emulsions  is  also  different. 
Therefore,  comparison  of  EC  values  is  devoid  of  significance  since 
there  is  no  constancy  in  the  conditions  of  determination  and  consequently 
in  the  results  obtained.  However,  the  effect  of  protein  concentration 
on  EC  was  constant,  the  EC  decreasing  as  the  protein  concentration 
was  increased.  This  effect  of  protein  concentration  on  EC  is  due  to 
the  definition  of  EC  itself,  EC  being  expressed  as  the  amount  of  oil 
per  unit  of  protein,  and  as  such  has  no  intrinsic  meaning  or  significance. 

The  present  work  demonstrates  that  the  conventional  measurement 
of  EC  of  proteins  is  meaningless  because  it  is  difficult  to  control 
all  the  variables  and  compare  the  results.  As  well,  this  work 
emphasizes  the  need  for  a  new  method  to  evaluate  the  emulsifying 
properties  of  proteins  in  emulsion  products. 
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